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The  translation  of  Dr.  Jakob's  "  Atlas  of  the  Nervoos 
System  and  ita  Diseascii"  should  prove  of  j^nat  valae  to 
th(!  physician.  The  book  is  virtually  divided  into  the 
Anatomy,  the  Pathology,  and  a  Description  of  the  Dis- 
eases of  the  Nervous  System. 

The  plates  illustrate  this  division  most  completely  ;  and 
especially  is  this  so  in  regard  to  the  pathology.  The 
exact  site  and  character  of  the  lesion  are  shown  in  a  way 
which  can  not  foil  to  impress  itself  on  the  memory  of  the 
reader. 

I  know  of  no  work  in  which  so  much  is  compressed 
within  so  small  a  space.  The  book  is  comprehensive  and 
practical. 

Edward  D.  Fisher. 

Harcb,  1901. 
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DrRrNG  his  term  as  a^istant  iu  the  medical  clinic  of 
tliiB  city,  Dr.  Jakob  dovotod  a  great  deal  of  time  to  tlie 
atiidy  uf  the  normal  and  pathologic  atiatomy  of  the  iicr- 
Voud  system.  Ab  he  is  the  owner  of  an  extensive  col- 
I(H.^tion  of  histologic  sections,  prcjtari'd  by  himself  acc<)rd- 
ing  to  the  best  methods  of  investigation,  he  is  in  a  position 
til  compile  tlio  present  atlas  for  the  most  piirt  from  his  own 
[tri'iHirations.  I  am  snre  that  any  ini]«irtinl  critic  will 
agree  willi  me  that  the  illuslratinns  jieeoniphsh  all  tliat 
van  be  ex])ected  of  ilhistnitimis.  Thi'v  present  theactnal 
conditions  in  the  plainest  and  niii>t  intelligible  manner 
|Mis.sibIe,  and  illustrute  very  fully  the  nnmerous  and  im- 
jNirtant  discoveries  which  have  been  made  in  the  study 
of  tlie  nervous  system.  The  student  and  the  practising 
physician  who  is  not  tlioroiighly  familiar  with  thia  branch 
of  medical  Bcieuce  can,  with  the  help  of  this  nthia,  obtain 
a  clear  idea  of  the  present  state  of  nenrology  with  com- 
IMiratively  little  trowble.  There  is  jtcrhaps  not  another 
de[>artment  of  me«]icine  in  wliii-h  the  intimate  connection 
between  elinicnl  patlioloiiy  am!  uoriiuL]  mid  pathologic  an- 
atomy is  MO  manifest  and  *»  o>n.-l:int  as  in  nenn>piithoI- 
oj{y.  The  oonsistent  treatmeitt  of  tiie  relations  between 
the  facts  of  normal  anatomy  and  pathology,  together  with 
the  fullness  and  attention  to  detail  shown  in  the  illustm- 
tjons, — which,  altiiough  not  Hchematic,  yet  give  a  oompi^'- 
h<!nsive  view  of  the  things  they  portray, — can  not  fail  to 
be  of  tlic  highest  didactic  valno. 

The  author  ha^devoted  himself  with  untiring  industry 
to  tJic  tusk  of  achieving  a  work  of  n'nl  and  lasting  value, 
and  I  heartily  trust  it  may  meet  with  the  success  which 
it  deserves. 

Dr.  StbCmpell. 


In  the  present  volume  I  liave  endeavored  to  free  an 
important  branch  of  mL-diciiie — one  that  is  aihnittedly  re- 
garded by  t]ie  majority  of  ntudeiits  and  practitioners  in 
every  department  of  our  science  as  tlie  least  attrat^tive, 
and  which  is,  tlierefore,  tJie  least  famihar — from  tlie  odium 
which  unfortunately  clinfrs  to  it,  b>  prcatuting  the  pecu- 
liarities of  itJi  normal  and  [uithologiu  jnaloui^  in  an  intel- 
ligible form. 

It  has  hecD  my  object  to  liclp  the  student  to  unilerstimil 
tlic  clinical  pictures  he  eeea  in  the  clinics,  and  tlieir  under- 
lying pathologic  processes,  and  to  enable  the  practising 
phyBiciau,  who  is  naturally  less  familiiir  with  the  miHlcrn 
development  of  neurolc^,  to  grasp  the  significance  of  the 
niorv  imiH)rtant  rcceut  dincoverics. 

I  have,  accordingly,  made  the  fullest  possible  use  of 
j)ictorial  rei>resentation,  and  have  kept  all  unnecessary 
details,  especially  those  relating  to  the  histology,  in  the 
background  in  the  preparation  of  the  esplanatoiy  text. 

The  illustrations  in  the  main  jtresent  the  actual  condi- 
tions rather  than  a  diagramraatic  version  of  them.  Al- 
though the  stained  preparations  were  found  to  he  indis- 
poneable,  a  number  of  fresh,  unstained  specimens  were 
also  utilised.  It  is  to  he  reniemljcn^^l,  however,  that  even 
tiie  most  faithful  reproduction,  such  as  that  afforded  by  a 
photograph,  can  not  take  the  place  of  actual  dissection  and 
examination  of  the  fresh  brain. 

The  reproduction  of  the  fijwcimens  in  lithographs  and 
woocl-cuts  was  done  by  competent  workers  under  my  con- 
Btant  super\nsion.     The  atlas  is  founded  on  I  he  collection 


of  Biwcimena  which  I  was  able  to  gatiicr  during  the  yeS 
that  I  actctl  as  assistAiit  in  the  nie()i(^  clinic  in  Erlangon. 

To  my  former  chief,  Dr.  von  Striinij>ell,  I  aiu  deeply 
iudebteti  for  his  kiiidneaa  in  placing  all  the  necessary 
materiat  at  my  disposition,  and  for  his  aniialile  assis- 
tance in  the  elucidation  of  diMcult  questions,  and  I  wish 
to  seize  this  opiwrtunity  of  once  more  expressing  my  sin- 
cerest  thanks. 

A  word  more  in  regard  to  the  study  of  the  plates :  As 
the  g|iace  devotetl  to  tlie  text  was  necessarily  limited,  it 
was,  of  anirse,  imimssihle  to  give  a  minute  description  of 
the  wealth  of  facts  presented  fur  study  by  the  illustrations, 
aud  the  descriptions,  therefore,  contain  only, the  essential 
]X)intM.  I  do  not,  however,  regard  this  nltngetlier  as  a 
disadvantage,  for  I  believe  it  will  prove  the  means  nf 
supplying  the  necessary  imjx^tus  to  Kin'ful,  iiiitrpcnilent 
study  of  the  plates,  and  thus  lead  the  sliulent  to  iurm  an 
independent  opinion,  whicli  is  the  highest  pleasure  we  enjoy 
in  the  pursuit  of  our   science.     I  believe  the  material 

[I  the  plates  to  be  sufficient  for  this  purpose. 
Christfk.  Jakob. 
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PREFACE  TO  THE  SECOND  EDITION. 


Thk  ill  list  rations,  as  well  ns  the  text  of  the  present 
(tlitiuii,  liave  been  carefully  revised.  Tlif  plates  have 
been  remrHleled  nndcr  my  conirtaiit  aupervisinn,  iind  new 
ones  liuve  )>een  added,  wliich  have  turned  out  so  Hiicc«it»- 
fully  tlmt  the  atlas  is  now  of  decided  vhIiig  in  seieiitifit.' 
work.  The  number  of  patholog^ie  specimens  was  alw 
inereasLHl.  The  text,  in  view  of  the  ptirjMwe  for  which  it 
is  intendecl,  did  not  seem  to  call  for  many  alterations; 
some  passages  have,  however,  l>een  expanded,  and  the* 
whole  has  lieen  subjected  to  a  general  revision. 

My  thanks  are  due  to  the  editor  for  his  liberality  in 
giving  me  all  the  assistance  to  make  the  volume  as  per- 
fect as  possible. 

Since  the  publicjition  of  the  first  edition,  translations 
into  English,  French,  Russian,  and  Italian  have  apj]eare<l, 
and  have  received  very  favorable  notices. 

Cub.  Jakob. 

ButNOH  Aires, 

(^icio  de  Im  Mercedes. 
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MORPHOLOGY 

CENTRAL  NERVOUS  SYSTEM. 

(Part  I.  of  Text.) 
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After  the  caiviiriuin  has  beon  removed  the  brain  is  seen 
covered  by  the  dura  uiater  (left  half  of  tiie  plate).  The 
engoijretl  veine  (r)  in  the  pia-arachnoid  are.  seen  through 
the  aponeurotic,  gtigtening  nienil»ran(i,  which  appears 
tightly  stretched.  On  the  surface  of  the  dura,  lodged  in 
bony  grooves  of  the  vitreciua  tiible,  are  llie  branches  of  the 
middk-  incningea!  nrtm-,  a.  m.  (ram.  ant.,  r.  u;  ram.  post. 
r.  p).  The  superior  longitudinal  sinus  (s.  (.  »)  is  laid 
open. 

On  the  right  side  the  dura  has  been  removed  with  sds- 
Bors,  and  the  convolutions  on  the  convexity,  covered  by 
the  pia-arachnoid,  are  exposed.  The  veins,  which  are 
always  engorged  (especially  in  the  posterior  portions),  on 
account  of  the  position  of  the  body  before  the  autopsy, 
empty  into  the  longitudinal  sinuses.  On  either  side  of  the 
median  line  are  the  Pacchionian  bodies  (P),  consisting  of 
connective-tissue  proliferations  from  the  arachnoid,  and 
covered  with  the  arachnoidean  endothelium;  they  are 
often  abnormally  developed,  and  produce  marked  depres- 
sions on  the  bones  of  the  skull. 


The  convexity  of  the  hemisphere  presents,  in  addition 
to  the  lobes  detwribed  on  plat«  2,  the  temporal  lobe,  which 
is  divided  from  the  central  convolutions  and  from  the 
frontal  lobe  by  the  fissure  of  Sylvius.  The  temporal  lohe 
uoiilaias  three  convolutions — the  superior,  niiildle,  and 
inferior  temporal  convolutions.  The  figure  sliows  also  the 
interior  occipital  convolution. 

At  the  bottom  of  the  fissure  (or  fossa)  of  Sylvius  lies 
the  island  of  Reil.  covered  by  a  group  of  convolutions  col- 
lectively termed  the  operculum.  The  latter  is  divided  into 
the  frontal  (Op.  f),  central  (Oji.  c),  and  parietal  (_0}).  ji) 
operculum. 

The  olfadoiy  bulb  is  lodged  in  a  groove  on  the  orbital 
surface  of  the  frontal  lobe. 

AbbrevintiortK. — ip,  interparietal  fissure;  p/s,  pfm.,  pfi,  foot 
of  superior,  middle,  and  inferinrfrontal  convolutions;  prca, 
prei,  superior  and  inferior  precentral  fissure;  pet,  postcen- 
tral fissure;  m,  ascending  limb  of  the  fissure  of  Svlvius; 
P.F,  P.T.  P.O,  frontal,  temporal,  occipital  pole. 


Mesial  Surface  of  the  Left  Hemisphere. 

'  Outer  group  of  convolution*  :  Buperior  frontal  convolution, 
paraceiitrul  lobule,  containing  the  terminal  extremity  of  the 
fissures  of  Rolando  («,  Rol),  precuneus  (parieto-occipital 
fissure),  (.'uneus  (calcarinc  fissure),  Itnguln,  anil  occipito- 
temporal (ronvolution. 

Inner  w  marginal  group  of  contudulions :  Gyrus  fomica- 
tufl,  bounded  above  by  tlie  callosomarginal  fissure  (/cm), 
gyrus  hippocampi,  and  uncus. 

Beneath  the  upper  marginal  convolution  is  the  corpus 
caUoEUin  with  its  genu,  rostrum  (f),  and  splenium  (splm); 
under  the  cuq)us  callosum  the  fornix,  and  beneath  this,  the 
free  mesial  surface  of  the  optic  thalamus  (ihalamiu  o), 
which  projects  into  the  third  ventricle  (p.  ut).  After  the 
septum  liicidum,  which  is  placed  anteriorly  between  the 
fornix  and  corpus  callosum,  has  been  removed,  the  cau- 
date nucleus  (n.  caiid  )  is  seen  on  the  floor  of  the  lateral 
ventricle. 

Abbreviations. — P.  F,  P.  0,  P.  T,  frontal,  occipital,  and 
temporal  pole;  a,  anterior  commissure;  A.  S,  aqueduct  of 
Sylvius;  c,  corpus  albicans;  Ch,  chiasm;  c.  g,  corpus 
quadrigeminum;  g,  ganglion  hahenulffi;  H,  pineal  gland; 
i,  infundibulum;  is,  isthmus  of  gjTUS  fomicatus;  I.  lamina 
embryonalis  ;  At,  foramen  of  Monro  ;  m,  middle  commis- 
sure; Ped,  crusta  (pes);  p/n,  anterior,  pip,  posterior  fold 
of  gyrus  fomicatus;  pa,  pp,  anterior  and  posterior  con- 
necting gyri  (plicje)  between  the  gyrus  fomicatus  and  the 
precuneus;  (,  ttenia  tbalami:  fc,  tuber  cinereumj  teg,  teg- 
mentum; bulb,  otf,  olfactory  bulb;  Ir.  o,  olfactory  tract; 
tub.  0,  olfactory  tubercle;  N,  optic  nerve;  gts,  gtm,  gti, 
superior,  middle,  and  inferior  temporal  convolutions. 


ms.  ^H 
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Frontal  lobf:  ttyrus  rectus,  a-part  of  the  euperior  frontal 
convolution;  iniddk  frontal  convolution  (c.  <r,  triradiate 
fissure);  inferior  frontal  convolution, 

Tifmporai  lobe :  Uncus;  occipitotemporal  or  falciform  con- 
Tolntion;  interior  temporal  convolution. 

Projecting  from  the  interior  of  both  heinisphereB  the 
converging  crura  {Ped),  which  disapjjear  in  the  sultstance 
of  the  i>ons  [Pons).  Below  the  pons  tlic  medulla  oblongata 
(M.  vbl)  with  the  pyramid  {Py)  and  olive  (^01).  Ms,  spinal 
cord. 

The  following  portions  of  the  cfrebclluvi  are  seen:  Lobus 
Bup.  med.  ((sm);  loh.  inf.  ant.  (lia),  medius  (lim),  poste- 
rior {lip) ;  the  flocculus  (Jl) ;  and  the  pyramid  of  the  infe- 
rior vermiform  process  {,Pv). 

Cranial  neree^:  Olfactory  in  the  sulcus  rectus,  olfactory 
bulb,  olfactory  tract,  tuber  nitactorium.  //,  optic  nerve; 
Ck,  chiasm;  //',  optic  tract;  ///,  oculomotor;  IV,  troch- 
lear; r,  trigeminus;  VI,  aMiicene;  VII,  facial;  VIII, 
auditorj';  IX,  glossopharyngeal;  X,  vagus;  XII,  hypo- 
gloftsus;  and  XI,  spinal  accessory. 

Arteries:  Basilar,  vertebral,  internal  carotid  (Ca).  art, 
profunda,  art.  fossffi  Sylvii  (A.f.S),  rrp.  mmus  commu- 
nicans  post.;  c.a,  ramus  comniunicans  anterior;  c.c,  art. 
corporis  callosi. 

In  the  space  bounded  by  the  chiasm  and  converging 
crura  the  following  stnicturps  are  pcen:  Tuber  cinereum 
{[),  the  process  of  which — the  pituitary  body — has  been 
removed,  and  the  corpus  albicans  (_c). 


I 


Alter  the  choroid  plexnaea  of  the  aeceodinp  crara  of  Uie  Tomix  (/) 
have  been  removed  und  the  uomu  ammonis  divided,  the  cavitj'  ot  the 
third   ventriule,   bouudrd  od  either  aide  by  the  optic   thalamns,   is 

On  the  leFt  side  is  the  tree  sorfaee  of  the  caudate  nucleus  (the  capot 
is  in  the  anterior  horn,  the  tail  extends  untward  toward  tlie  poHterior 
horn ).  The  caudnte  uucleua  is  separated  troni  tlie  optic  Ihtdaiutas  by 
the  narrow  atria  comea  {tir.  c).  The  anterior  portion  uF  the  optic 
thalamus  is  known  as  the  tuberculam  antironi  ((,  a],  its  poeterior 
projecting  extremity  is  called  the  pulvinar  (PhI). 

In  front  of  the  descending  cmra  of  the  fornix  ( /,  li),  at  a  deeper 
level,  is  the  anterior  cumtuiiHure;  behind  this,  in  the  middle  of  the 
third  ventriole,  the  middle  oommissare  (c,  m);  and  in  the  posterior 
extivmity  of  the  ventriule,  the  posterior oommiicQre  <  p).  Inimediatel; 
above  the  pottterbr  onniniiaiure  the  tunia  thalami  (r),  which  forms 
the  mesial  border  ot  the  optic  thalamus,  unites  with  the  corresponding 
atnioture  of  tlie  otiier  aide.  Immediately  behind  this  is  the  pineal 
gland  (£]  (epiphysis),  Hanked  bjtheganglion  habennla:  (i).  Behind 
&e  optio  thalamus  are  the  anterior  and  posterior  corpora  ijuailrigemiua 
(^.  qp).  Behind  the  latter  ia  the  cerebellum  (Cb),  which  has  been 
divided  near  ilie  surface,  showing  the  superior  vemi if orm  prooeas  (r.  «) 
in  the  middle  and  the  hemispheres  to  either  side  (central  Mhiie  matter 
and  periphcrnl  corticnl  tcmy  matter).  Ita.  Jimi,  Iiip,  lobus  sup.  ant.. 
med.,  poit.;  erf,  corpus  dentfttum. 

On  the  right  side  of  tlie  plate  the  caput  and  lAil  of  the  caudate 
nnelens  ( a.  e)  are  seen  in  transvenie  section.  The  convex  middle  por- 
tioQ  bos  been  removed.  We  see  also  the  optic  thnlamus  in  croffi-sectimi, 
the  nppernioat  layer  having;  betn  removed  in,  sntrrior,  m,  mesial,  I, 
lateral  nnelens  of  the  optic  thalamus).  Iviterally  from  the  optio 
thalamus  the  lenticular  nuoleoe  (a.  I ),  which  with  the  caudate  nucleus 
forms  the  corpus  Htriatnm,  makes  its  appeanuioe.  The  area  of  white 
snbstance  to  the  inner  side  of  the  lenticular  nnelens  i^  known  as  the 
internal  capiulp  (r.  i):  that  on  the  outer  side,  as  the  eitemnl  capsule 
(c.  e);  the  internal  capsule  is  divided  into  three  portions:  The  ante- 
rior and  posterior  limbs  I  eta  and  dp),  between  Iheni  the  genu  {gj,  and 
the  most  posterior  seK">ent,  the  Mps.  int.  retrolenticularin  [ctrl). 

(.•anvalulioiu.     (See  Plate  6.) 

Op  ft.  Op  e,  frontal  and  central  operculum  ;  cu,  anterior  horn,  ci, 
posterior  bom  of  the  ventricle  ;  r,  tail-piece  of  rnndntc  nuclens  ;  Jli, 
inferior  longitudinal  bundle  *  tpl,  spleniom  ;  a,  stris  cornen  ;  tap, 
tapetura. 
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Horizont&l  Section  through  the  Basal  QanKlla. 

On  the  Irft  siile  (wliicli  reprewiiW  ndKepfr  level  than  tlie  right 
halt  of  pliice  8J,  the  Following  Htruaturea  are  seen  iu  traiiEvertte  aection: 
Frontal  lobe,  oentinl  convolationa,  temporal  and  occipital  lubva;  at  the 
bottom  at  the  fiiaure  o[  Sylvias  (/.  S)  the  convolutiona  of  the  island 
ot  Eeil  (i»). 

The  white  matter  between  the  lenticular  naoleas  (P<il)  and  the 
caudate  nucleus  {nc)  is  called  the  anterior  limb  (c.  ■'.  a),  that  between 
the  lenticular  nucleus  \gl)  and  the  optic  thalamus  the  posferior  limb 
of  Qm  intfl^rual  oapsnle  (c.  i.p);  the  piint  where  the  two  ure  joined  is 
known  aa  the  knee  of  the  oaiftule  {g);  its  moat  posterior  stgineut,  as 
the  caps,  relrolentieularia  (eiV/). 

Laterally  from  the  eiteroftl  capsnie  and  cloee  to  the  couvolutiong  of 
the  insula  is  the  clatistrum  {d). 

The  lenticular  nucleus  is  divided  iuto  an  outer  segment — putamen 
(Put) — and  several  inner  a^^enta — globus  pallidus  Xgl). 

The  right  aide  ahows  a  broader  section  of  the  lenticular  naci  en  a;  the 
optic  ttiAlaniDS  tiaa  disappeared  and  in  its  place  we  see  the  aubthalaniio 
region  oootaining  the  n^  nncleu9(n.  r)and  Bublbalamiobody  i/).  The 
limbs  ot  the  capsule  have  separated;  the  posterior  limb  is  now  con- 
verted into  the  cmsta  or  pea  (prd).  To  the  outer  aide  are  Been  the  lat- 
eral [g.  I)  and  median  [g)  genicnlate  bodies. 

Embedded  in  the  white  matter  ot  the  oerebellum  are  seen  the 
dentate  body  (c.  i)  and  the  teemeutal  uuolens  (nt|.  To  the  right  ot 
the  median  line  (behind  a)  the  fourth  ventricle  appears  under  the 
vermiFonn  procesa;  the  brachium  (br)  eonne<^ta  the  region  of  the  cor- 
pora qnadrigemina  with  the  cerebellum. 

ilWreEriritons,  — (For  the  convolutiona  see  Plate  6.)  Op.fr,  Op.  c. 
Op.  p,  frontal,  central,  and  parietal  opercnlnm;  glo.  gim,  gli,  suptrior, 
middle,  and  inferior  temporal  convolutions;  gat,  oocipitot'>iuiioral 
convolution;  9^,  gyrus  hippocampi;  e.  .4,camu  ammonis;  gd,  gyros 
dentatus;  Ii'n^,  lingula;  n,  central  gray  matter  of  the  aqnedact  of 
Sylvias;  c.  tail-piece  of  caudate  uuclens;  ee,  corpus  mlloaum;  ee,  ex- 
twnal  capsule;  c  cr.  capsula  extremn:  E,  pineal  ghuid;  m,  embolus; 
/,  fornix;  fii,  inf.  long,  bundle;  fa,  laseiooltw  nocinotns;  /,  lateral 
naoleua  of  optic  thalamus;  Up,  inferior  posterior  lobnle;  hu,  fmi,  hp, 
superior  anterior,  middle,  and  posterior  lobule;  m.  incsial  nuclenaof 
Optic  thalamus;  Ah,  lamina  medullaria  (taenia  semiciroulorisl ;  iig,  nn- 
cleos  globoans;  o,  optic  radiation:  go,  corpus  quadrigemiuum  auterius; 
(,  septum  Inciilum;  *ii,  substantia  nigra;  «f,  ntrin  (lamina)  cornea; 
t,  tienia  thalami;  tp,  tapetum;  p,  bundle  of  Vioq  d'Azyr;  cs,  superior 
vermiform  process;  w,  Wemieke's  field. 


Brsln-stem  and  Rhomboid  Fossa  Seen  from  Above. 

The  verniitorni  process  of  tlie  cerebellum  is  divided  liy 
B  BSKittal  section,  exposing  tbe  fourth  ventricle.  The  floor 
of  the  ventricle  is  formed  l»y  the  rhomboid  fossa,  which 
contains  the  aln  cinerea  (a),  calamus  scriptorius  (c),  and 
funiculi  teretea  (/.  ()■  Locus  cceruleus  (fc);  posteriorly 
on  either  side  are  the  restitoriu  bodies  (c.  rat)  and  the 
tuberculum  acusticum  (ta).  At  the  entrance  of  tbe  aque- 
duct of  Sylvius,  covered  by  tbe  anterior  medullary  velum 
(v.  a),  and  frenulum  (/),  is  the  trochlear  nerve  (_IV). 

In  front  of  the  rhomboid  fossa  are  the  corpora  quadri- 
gemina  unterius  (qa)  and  posterius  (t/p),  and  the  median 
geniculate  body  (f/m),  which  receives  the  posterior  bra- 
chium  (hrp).  In  front  of  tbe  corpora  quadrigemina  are  tbe 
optic  thalami  (Oml.  upl),  tbe  posterior  segment  of  which  has 
received  the  name  pulvinar  (Piiln),  and  between  them  the 
ganglion  habenulte  (k)  and  the  tjenia  thalumi  (().  The 
pineal  glanil  has  been  removed  from  ita  pedicle.  Third 
ventricle  (///). 

Behind  the  rhomboid  fossa  are  the  nuclei  of  the  columns 
of  Goll  (/.  G)  and  Burdach  (/.  B) ;  the  lateral  column  of 
the  spinal  cord  (/.  I);  the  nuclei  nf  the  columns  of  Goll 
unite  above  to  form  the  clavie  (el). 

Alibreriati'ins. — In  tbe  vermiform  process  of  the  cere- 
bellum: ?c  iobulus  centralis;  Cu,  culmen;  Dr,  declive;  Fc, 
folia  cacuminis;  Cb,  comniissura  brevis;  Py,  pyramis;  U, 
uvula;  No,  nodulus;  bp,  superior  posterior  lobule;  tip,  lim, 
lia,  inferior,  posterior,  middle,  and  anterior  lobule. 


Four  Coronal  Sections  through  the  Bnln  of  a  Do;. 

The  central  white  matter  and  the  cortex  of  the  cerebml 
hemispheres  witli  its  coiivohitions  are  distinguished  at  the 
first  glance.  The  white  matter  is  relatively  iniii-h  emaller 
than  in  man,  and  the  convolutions  are  less  numerous. 

Fic.  1. — Secti'iii  thmiigh  the  Frontal  Lobes.  The  head  of 
the  caudate  nutleiis  (n.c).  which  iirojects  into  the  lateral 
ventricle,  is  included  in  the  section.  The  corpus  callosuni 
(c.c)  and  septum  lucidum  heneath  it  are  readily  recog- 
oized,  as  well  &g  the  crosa-ecction  of  the  anterior  limb  of 
the  internal  capsule  (c.i.rt).  On  the  orbitHl  surface  we  see 
the  optic  nerve  (//)  and  to  the  outer  side  the  olfactory 
bulb,  which  in  man  is  rudinientnr\'. 

Fig.  2.— Sfrti'on  through  the.  Optk' Thalamm  ( Th. )  awl  the 
Thiipuxe  oj  the  Caudate  Nvcku*.  Beneath  the  corpus  cnl- 
loeum  {r.c)  we  see  tlie  fornix  (fimbria).  Laterally  from 
the  optic  thalamus  the  intenial  capsule, — posterior  Hmb 
{dp), — which  diwpnds  to  the  pes.  (Optic  tracts,  corpora 
albioantia  (r),  ilR-ecndinn  horn  in  the  t^-mporal  lobe.) 

FlO.  3. — Srrtioii  through  the  Crvra  Cerebri.  The  pes  (Ped) 
projects  from  tho  surface  of  the  bemisphercs,  which  are 
Wparaled  from  each  other  by  the  substantia  nigra  in  the 
tegDientiil  region  (/.),  The  termination  of  the  optic  tract 
in  the  lateral  geniculate  body  (g.l)  and  the  pulvinar 
(Puh)  are  seen.  The  third  ventricle  appears  beneath  the 
po8t«rior  commissure  (cp)  and  continues  downward  as  the 
aqufiduct  of  Sylvius. 

Fig,  4. — Scrtion  thrmigh  the  Occipital  Lobei,  Cerebellum, 
tttid  MMi'llit  Oblongata.  In  the  occipital  lobe  the  posterior 
horn  of  ihi-  lati^rai  ventricle  {cp),  underneath  the  vermi- 
form priH'i-^B  (p)  of  the  cerebellum  (C6),  flanked  on  either 
nde  by  I'drtions  of  the  hemispheres.  The  section  ot  the 
^.^Mdulla  shows  the  brachia  (6),  rhomboid  fossa  (fourth 
le),  tegmental  r^on,  pyramids  (pi/),  and  fibers  of 


W  PLATE  12. 

B  Corona)  Section  through  the  Braln-stent  ot  Man. 

I  Fia.  1.— Serfioft  through  thr  Thl.nl  Ventricle  {v.m.}.  We 

I  recognize  at  once  the  corpUB  callonum  (c.e),  fornix  (/), 

lateml  ventricle  (c/).  and  cfludate  nucleus  (c.  st),  and 
underneath  the  head  (tubcrculum  nnt^'rius)  of  the  optic 
thalamus  (.Tli).  Ijilerally  from  this,  the  posterior  limb  of 
the  internal  capsule  (c().  Outside  and  below,  ihc  inner 
segments  ot  the  lenticular  nucleus  constituting  the  globus 
pallidus  igip)  and  n  small  portion  of  the  oul^r  segnaent 
or  putamen  (Pi'l)-  Optic  tract  itr.o),  corpora  albicantia 
(cm),  inferior  convolution  of  the  temporal  lobe  f  uncus  of 
the  hippocampal  convolution),  nucleus  atnvgdalse  (n.a), 
descending  horn  of  the  lateral  ventricle,  and  gyrus  fomi- 
caUia  (gf). 

Fia.  2. — Section  ihroiiifh  the  (hrporn  Albicantia,  Pn«leriorto 
Section  1.  Corpus  callosum  (c.c),  fornix  (/),  oplic  thal- 
amus (Th),  caudate  nucleus  (c,  «()<  internal  capsule  (ct), 
Eartially  emerging  at  the  base  of  the  brain  as  the  pes  (Pd), 
iteral  ventricles,  third  ventricle,  hippoi'iimpal  lonvolu- 
tion  (g.H),  optic  tracts  (tr.  o),  substantia  nigra  (Sn),  and 
subthalamic  body  (cath). 

Tlie  corpora  aliiioantia  are  cnniiecti-d  wilh  ihe  optic 
thalami  by  a  bundle  of  fibers,  the  bundle  of  Vicq  d'Azyr 
(f);  on  either  side  the  outer  segmeiilf  of  Ihe  corpora  albi- 
t'^antiu  receive  the  tenninations  ot  the  descending  crura  of 
the  fornix  {/),  gyrus  fornicatus  (gf). 

Fro.  3. — Section  through  the  Pimferinr  Exlremily  of  the  Third 
Vejitricle.  Shorllif  before  Us  Qmrersion  into  the  Aqueduct  of 
SglviiDi.  The  subthalamic  region,  nitualed  henealh  the 
optic  thalami  (Th).  unites  with  that  nf  the  other  side; 
this  area  contains  the  red  nucleus  (uri.  lateral  white 
matter  of  the  nucleus  (t*),  and  beneath  it  the  subi^lantiu 
nigra  (Sn).  Tienia  thalami  (t).  fasciculus  retroflcxuH  (fr). 
The  pes  (Pd)  projects  freely,  flanked  by  the  lateral 
geniculate  body  (gl)  with  the  beginning  of  the  optic  tract 
[tr.o). 


Coronal  Sections  through  the  Brain-stem.     Parallel  Trans- 
verse Sections  through  the  Medulla  Oblongata 
and  Spinal  Cord. 


FlO.  l.—SnUim  Ihroug/i  the  Anlfrior  Corpora  Qtiadrigemino.  Be- 
neath Iho  corpora  qnadriReiniiia  lv-  ")  the  aqueduct  o[  Sylvius  (^1), 
to  either  side  the  mesiiil  |j;e[iicnlate  body  (if.  in),  and  beneath  the  latter 
the  ti^mentaiu  (red  niJcli'U-t,  n.  r)  and  fillet  (/,);  below  are  seen  the 
Bnbstantiti  nigra  and  Che  pes.  Beneath  the  aqueduct  lies  the  uncleue 
of  the  oculomotor  nerve. 

FlO.  'i.—Seetion  through  thr  Midiili-  of  Ihr.  Potut.  A  part  of  tin-  struc- 
tnrea  of  the  pi^anole  end  in  the  pons,  while  another  part  cMtitiniicH  ita 
Xhe  pyramidal  tisct  (iVI  covered  by  the  transverse  lihers  of  the  pons. 
The  lirachia  (B)  leave  tlip  <e.graentnm  mid  ufter  tonninj;  the  hiloral 
wall  ol  the  fourth  ventriele,  whioli  is  prnduoed  by  (he  dLliitutiuii  iif  the 
•qucdoct  of  Sylvius,  pass  to  the  cerebellum.  The  roof  of  the  rourth 
ventricle  is  formed  by  the  vermiform  procesa  of  the  peri'lH-iliiin  [Ua- 
gula),  flanked  on  either  side  by  the  oonvolntioiia  o[  the  ci-ri'ln-llar 
hemispheres. 

Fio.  3.— Sfrfion  IhroHsli  the  Simrlh  Ventricle  tx'liiiiii  thf  Punn.  For 
the  boundaries  of  the  ventricle  see  Figure  2;  the  braohia  have  entered 
the  white  matter  of  the  cerebellum.  The  Reetion  pusses  tbrouKb  the 
widest  portion  of  the  cerebellar  hemispheres  tHb).  showing  lioth 
medullary  and  cortical  suhetance.  The  pyramids  (/^)  stand  out 
prominently,  oonoealing  the  stnictures  of  the  tegmentum  (fillet, 
nnolenn  of  the  facial  tierre,  Honsticus)  ivhich  lie  on  their  dontal  nide. 

Fro.  i.—SecliiiH  Immrtlinfe/s  behind  the  Preceding.  The  processnH 
oetebelli  ad  mednllam  oblougatam  (restiform  bodies),  nhieh  in  the 
last  section  ciinnecte<l  the  cei-eliellum  with  the  medulla,  btf  now  freely 
esponed;  in  the  white  matter  of  the  cerebellum  the  corpus  dentatum 
oetebelli  (C.  d)  is  seen;  to  either  side  of  the  pvnuuids  {Pg)  arc  the 
olivea.  L'vula  ill)  at  the  vermiform  proeesa  (I'l,  nodnlns  (nl,  one 
of  the  cerebellar  lobes, 

Flo.  !). — SM-lion  tlirough  the  Poidfrior  Extremity  of  Ikt  Rhomboid  Fonea 
[Chlamiia  Scriploriiui).  The  restiform  liodies  approach  eaohother  in  the 
median  line.     The  oerebellnm  is  partially  removed. 

FlO.  e.—Sniion  through  the  jVuriei'  of  the  Ponlerjor  (WwmnK  {f.pj. 
leMeh  nppmr  in  the  Bfulifonn  Badia.  Py,  pyrnmidsi  .ft,  beginning  of 
the  lateral  column  of  the  cord. 

FlO.  l.—Srclionthmughihe ntcusmiioaof  thf  Fsivmidn.  Thcjrreater 
portion  of  each  pyramid  enters  the  lateral  eotamn  of  the  opposite  side. 

Fios.  fl,  f),  AND  111. — .SeetionB  through  the  Om™/,  Thorarie,  and 
Lumbar  PorHim*  of  the  Cord.  The  charaoteristic  H-shapoof  the  eentral 
gray  subatanee  is  well  shown  (nnterior  horn,  posterior  horn).  The 
white  matter  is  oompOMHl  of  the  anterior,  lateral,  and  poHlerior  ool- 
—^(f..i.f.l.f.p). 


i 
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The  white  matt*T  is  stained  bl«ck  in  these  preparations 
rmedullarj-  sheath  stain).      (See  text.  Part  VI.) 

Fig.  1. — Cerrical  Eidargemritt  from  a  Child,  tcith  lit  At- 
tadimeiUn  in  the  I'erU^rai  Canal  (^Sixth  Crrvkal  Vertebra  and 
Surroundinff  Slmcturtg)  {MagnifiMX  *)■  The  spinal  cord  is 
surrounded  by  its  three  membranee  and  lodged  in  the  l>ony 
aipsule.  The  anterior  half  of  the  central  pray  matter 
(anterior  horn )  sends  nut  the  anterior  motor  roots  (r.a);  the 
posterior  horn,  the  posterior  sensory  roots  (r.p).  The  two 
roots  unite  and  pass  together  through  the  intervertebral  fora- 
men (/i)i  where  they  leave  the  vertvbral  canal  to  enter  the 
soft  partti  as  a  peripheral  nerve  (jV.p);  before  its  final 
exit  the  posterior  root  forms  the  intervertebral  or  spinal 
ganglion  {gi)  within  ihe  foramen.  Body  of  vertebra 
(f),  spinous  process  (pr.  ap),  vertebral  arch  (n.r),  dura 
mater  (rf). 

Fig.  2. — Lumbar  Enlar^fmrtil  Fhirrounded  hi  It*  Memr- 
branf»  (from  a  AVir-Aoni  fnfnnt)  (.Mngnififd  X  tO).  The 
outer  covering  is  the  dura  mati-r  (dm),  which  in  the  epi- 
dural space  is  surrounded  by  Breschet's  venous  plexus 
(Pt.f};  liene&lh  the  dura  mater  is  the  subdural  space;  ihe 
middle  envelope  is  formed  by  the  arachnoid  (nr);  the  two 
outer  envelopes  are  very  loosely  attached  to  the  cord,  but 
the  innermost,  or  pia  mater  (pm),  which  contains  the 
blood- vessel  a,  is  closely  adherent.  The  subarschnoid  and 
subdural  spaces  are  filled  with  cerebrospinal  fluid.  The 
anterior  (m)  and  posterior  (rp)  roots  in  the  lumbar  en- 
lai^enient  continue  for  some  distance  within  the  virtebraJ 
(3>nal  after  leaving  the  spinal  cord,  which  they  accordingly 
surround  on  all  sides;  in  deeper  sections  this  bundle  of 
nen  fs  forms  the  eauda  equina.  In  the  spinal  cord  we  see 
the  deep  anterior  lonpritudinal  fissure  (Sa);  the  shallow 
[losterior  fissure;  the  anterior  (fa),  lateral  (fi),  and  poste- 
rior columns  (.^);  the  central  canal  fee),  which  is  the 
continuation  of  the  ventricular  system;  and  the  anterior 
and  posterior  commissures,  which  unite  the  anterior  (Oi) 
and  posterior  horns  (Cp)  of  the  central  gray  matter. 
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Embryonal  Ares. 


Fro.  I. — Scetimt  Ihroiighttie Utedallars  OrooPC.  Thein«liillnr,v  groove 
(fellow,  m)  iB  rorrDed  m>ni  the  ectodenn;  latenKlorwlly  arc  tjif  two 
^mitive  gauglionoWd  winla,  from  the  Mils  of  ivliich  the  iutenerteliral 
ganglia  nre  de\'elope<l.  Mesoderm,  blue;  vhordii  dorHnlia.  bniv,-ii;  entn- 
denii  and  ectwtemi,  red. 

FlO.  2.— Sw/ion  throHi/h  Ihr  Kmbrgtrntil  Arfo  u/  u  Threr-ilaa  Chick 
Kmlirso.  Tlie  medalliuy  caiud  (nO  is  olosed,  forming  in  tlit  muldle 
the  ceiitml  caiukl,  to  eithiT  aide  of  Hliit^li  nre  the  |>revertebral  plnl«s. 
Chorda  dorKalia  (rAJ,  on  either  side  the  primitive  blood-veiwelB  (r), 
nrinary  tmcte,  etc. 

Fia.  3.—SrrlioH  through  the  Medullar!/  <^'»^  {f'r'l  Month).  The 
stratified  epithelial  cells  which  coiiipoee  the  wall  are  differentiated  into 
xpon^oblaRts  (supporting  Miilistjkiim-)  and  neuroblasts  (oervous  sub- 
stance). On  the  ventral  side  ( r)  the  anterito'  roots  (ra)  are  beginning 
to  grow  from  the  neiir[>l)lii.sts.  ivhieh  [onn  the  primitive  anterior  horns; 
on  the  don»l  aspect  the  at-UMiry  jHutprior  roots  (r.p )  pass  out  from  the 
cells  of  the  spinal  ganglia  <y,i)  into  the  two  dorsal  segtnenlA  of  the 
■pinal  oord. 

Fio.  i.—Sediimthmuffhllie  Spinal  Cord  from  the  SfceHdHtoHlh.  The 
oenCra]  gm;  matter  is  better  supplied  with  nuclei  and  is  beginning 
to  be  diflcrentiatcd  from  the  peripheral  white  HubstaiKc;  the  anterior 
lea)  and  posterior  {ep)  homn  are  formed;  roots  as  in  fignre  D;  oentrnl 
ronal  (c). 

FlO.  ri.—Seetian  through  Mr  ^nal  Cord  from  Ihf  Eighth  Month.  In 
the  white  Bnhstance  the  variona  spitenis  of  nerve-libers  snccewivety* 
undergo  the  pmcen  of  mednllation.  so  that  nerve  tracts  anatoniicnll.v 
and  funi-ticitudly  related  reach  their  full  development  ut  the  siniie 
time.  The  pyramidal  tract  (i^.Iand  it)  and  certain  portions  of  the 
podterior  colnmns  {g)  are  the  last  to  l>eoome  medullalMl.  The  detuilK 
of  the  prooesacan  be  stndied  in  the  figure,  Mthe  fibersalreudy  covered 
with  the  medullary  sbmtli  arr  stained  black,  while  the  nonmedul- 
latM  portions  are  nnstained  and  appear  brownish  in  color. 

Fig.  fi.  —Mrdslla  (tbloKgnla  of  n  Siz-vrek»  Epibrjfo.  LaminA  tunda- 
mentalis  (If);  lamina  ependymica  [le)-  lamina  tcgmenti  (II)-,  VIII, 
XII,  aoustioos,  hypoglossos;  Pj/,  pyramids;  v.  IV,  fourth  ventriole. 


PLATE  16. 
Development  of  the  Brain. 

Fig.  I.— Brail,  -wd  0>r,l  from  the.  Third  Mmdh.  Tlif 
forebrain  (/)  is  already  divided  into  its  hwnispheruj,  and 
covers  the  iiit«rbrain  and  midbrain  [.III)  (primitive  optic 
th&lami  and  corpora  qiiadrigemina  j .  Posteriorly  the  hind- 
brain  {IV)  (primitive  cereliellum J  and  atterlirain  (  K) 
(primitive  meauila).  The  cord  shows  tlie  position  of  the 
two  enlargements  (/. Cand  J,L). 

Fra.  2.— Bane,  oj  th«  Brain  {FoiirOi  Mmttk).  The  frontal 
lolw  is  divided  from  the  temporal  lobe  (L./.,  IJ)  by  the 
fissure  of  Sylvius  (t'S);  thechiaHm  (//)  and  the  pes  (I'c) 
are  diatuiguishable,  Cerebellum  (C.&),  pyraniids  (Py), 
olives  {')). 

Fig.  3.—Meiilul  Swfurr  of  llif  Hrnin  (Fourt/i  Month). 
The  corpus  callosmii  ((■..■)  and  fornix  (/)  are  readily  recog- 
nized; in  front  and  ln'twirii  the  I  wo  ip  the  septum  liicidutn 
(s.}i).  The  deacriiiting  limb  of  the  fornix  is  reflected 
downward  and  baiknanl  and  ends  in  the  corpus  albicans. 

Fm,  4.— 0«f<r  Surfncr  nf  thr  Curebrnl  Hrmi»pbfir»  [Sixth 
Month).  The  upper  snrface  shows  a  few  fissures.  The  fie- 
Buro  of  Rolando  grows  from  above  downward,  the  fissure 
of  Sylvius  C/.S)  from  lielow  upward.  At  the  bottom  of 
the  hssure  of  Sylvius  the  primitive  island  {J  ).  Cb,  cere- 
bellum; P.  pons;  P}],  pyramid;  o,  olive;  Mo,  medulla  ob- 
longata. 

FlQ.  r>. — Mminl  Section  tkrrmifh  llie  Primitive  Brain  of  ii 
Tim  awl  0)ie-half  Mmithn'  Emhryo.  The  roo/ of  the  primitive 
ventricular  cavity  is  fonnwl  by:  Lamina  tfginenti  [It); 
cerehelluni  (Ci);  primitive onrponi  quailrigi'mina  (gp,  qa); 
epiphysig  {K):  tienia  thalami  (((ft):  |)idlinm  of  the  cerebral 
vesicle  (/).  Tlie  fitxtr  is  formed  by  the  bulb  of  the  me- 
dulla {Mo);  pons  (F);  corjHis  albicans  (c);  hypophysis 
{H);  and  in  front  of  the  latter,  the  lamina  embryonalis. 
The  optic  thalamus  (Th),  foramen  of  Monro,  subthalamic 
region,  and  olfactory  bulb  are  shown. 
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Arrangement  of  the  Neurons. 

Eiich  neuron  consiste  of  u  nervu-vessel  und  ita  process, 
thf  nerve-fiber;  ihe  cells,  as  well  as  the  fiber,  give  off 
nuinerous  protoplasniic  processes.  We  (listinguieli  neurons 
with  long  and  with  short  nerve  prncesses  (Deiters'  and 
(jolgi's  tvpea). 

Fra.  1.' — A  PffTuiituiitl  Cell  from  the  Ourtex  of  the  Cere- 
brum, with  ils  heii'lritic  Ramijicntiims  {Dendritejf,  Proto- 
plnsmic  ProceMM).  Eueh  process  gives  off  a  great  number 
of  bud-like  branches,  Tlie  nerve-fiber  of  the  cell,  or  asis- 
cvlinder  process,  is  designated  ax.  The  terminal  fibrils 
of  tlif  axis-cylinder  process  are  situated  at  some  distance 
from  the  cerebral  fortex  in  other  iiortions  of  the  Imtin  or 
cord,  where  they  surround  the  dendrites  of  a  ganglion 
cell.  (Fig.  2.) '  This  neuron  begins  and  ends  within  the 
central  organ,  and  is,  therefore,  termed  a  central  neuron. 

Figure 2  shows  aganglion-cell  willi  its  dcndriU's from  the 
anterior  horn  of  the  spinal  cord  ;  inmnif;  il>  ram  ill  cations 
are  seen  the  lerininal  fibrils  of  tlie  iirrvi-lihrv  U- longing  to 
the centnd  neuron.  The axia-oylii]d<.'r  pioic'^s  {iij-)  emergen 
from  the  centDil  oi^an  and  passes  t*j  the  soft  parts  in  the 
periphery.  The  entire  neuron  is,  therefore,  called  a  per- 
ipheral neuron. 

FiGURB  3  shows  diagram matieally  the  nmnner  in  which 
those  neunms  unite  to  form  the  nervous  pathway,  espe- 
cially the  motor  or  corticoniuscular.  Tlie  terminal  fibrils 
of  the  (red)  central  motor  neuron  (nio)  eurroimd  the  cell 
of  tlie  (blue)  peripheral  neuron  (mp).  The  sensory  path- 
way is  built  up  in  a  similar  nmnner  from  three  or  more 
neurons.  The  (brown)  [(eriplieral  sensory  neuron  termi- 
nates with  its  terminal  fihrils  around  the  cell  of  the  (green) 
central  sensory  neuron.  The  arrangement  of  the  terminal 
fibrils  in  the  centrifugal  motor  neurons  is  the  exact  oppo- 
sitij  of  that  winch  obtains  in  the  sensory  centripetal  neu- 
rons. These  colored  pathways  are  known  as  pro^ectimi 
ptUkwai/8.  Within  the  cortex  certain  other  neurons,  col- 
ored black,  indicate  the  numerous  connections  between  the 
different  parts  of  the  cortex.  They  are  known  as  the  am)- 
cialion  pallu  and  ctnnmhsurul  path*.  (For  further  descrip- 
tion the  reader  is  referred  to  the  text,  Part  III.) 


Qiia  C«lls  and  Oangllon  Cells. 

Figs.  a-d. — Glia  VelU  from  the  White  Matter,  a;  Gray 
Mailer  of  the  On-ebrum,  b:  c  and  d,Sroin  the  Carter  o/  tJie 
Cerebellum.     These  cella  are  culled  astrocytes  (silver  staiii). 

Fios.  E  AND  F. — Ganglion  CWi»  Staiiied  with  Sili-er:  e, 
From  the  optic  thalamus;/,  from  the  cerebellar  cortex  (cells 
of  Purkinji;);  showing  uumerous  ramifications. 

Fio.  0. — Neitrobtael^  with  P}-imitire  Nerve-Jibers,  Jrmn  the 
AiU^or  Horn  of  a  Fetvs. 

Fios.  1  AND  2. — Motor  ganglion  cells  from  the  anterior 
horn  of  the  spinal  cord,  stained  with  methylene- blue, 
showing  theii'  characteristic  granulation,  nucleus,  and 
nucleolus.     In  some  places  there  is  marked  pigmentation. 

Fioa.  3  ANO  4. — Pi/ramidal  Cell  from  (Ae  Cerebral  Qirtex 
Stained  icill,  Melh;ilei\e-bhie. 
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PLATE  20. 
A  Cerebral  and  a  Cerebellar  ConvolaUoa. 

Fig.  1. — Cerehral  Convolution  from  the  Center  of  the  Ante- 
rior Central  (hnrohuion  (cartnin  medullary  sheath  Btain). 
The  white  mutter  is  stained  blue-hlack;  the  radial  bundles 
((■)  radiate  in  all  directions  and  end  in  the  cortex.  Pass- 
ing from  without  inward,  we  distinguish  the  following 
layers  :  The  outermont  suhpial  layer  {a);  the  zonal  layer 
(2);  the  layer  of  pyramidal  cells,  wliieh  also  present  a 
radiating  arrangement  and  eontain  Baillai^r's  stripe;  the 
radiation  of  proje<;tion  fillers  (r),  containing  the  out«r  and 
inner  association  layer  (Meynert's  arcuate  fibers,  3/);  and 
finally  the  dense  network  of  white  matter  C^^)- 

Fio.  2. — CureheUnr  Convolution  (Silver  Slain).  From  the 
narrow  medullary  Biibstauce,  which  is  stained  blaiik,  a  fen- 
isolated  fibers  are  seen  passing  through  the  granule  layer 
(yellowish-brown)  to  the  cortical  layer  proj>6r.  which  is 
stained  yellow  and  is  also  very  narrow.  At  tlie  base  of 
the  cortical  lay^r  we  see  a  row  of  cells  of  Purkinje,  with 
their  elaborate  arborizations.  (See  Plate  18.)  A  few 
mos6-like  fibers  (r)  are  shown  in  the  cortex,  and  some 
individual  granule  cells  at  g. 
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PLATE  21. 
Cerebral  Convolutions. 

FlGUUEs  I  AMI  '2  xliOH  ifingrnmiiiiitical!}'  the  convolutions  and 
flainres  o[  the  «)rtet  on  tbe  ootcr  and  miniftl  aurtjuieB  ot  Uie  wrtbral 
hi-Tni»pli('m',  In  tht^  frontal  lobe  we  reoognize  tbriH.'  txinvolulions  {g, 
flip.,  mrd.,  in/);  bebind  this,  iwpnmted  by  the  HOicnti  central  in.  th«  two 
avolntioun  (j.  efttlr.  ant  and  ponf),  wbiph  merge  in  the 
mediuii  line  itito  the  parHoential  lobule;  the  jwrietal  lobe  contains  an 
iippi'r  und  n  lower  group  of  convnIutiouN,  the  lower  licing  divided  into 
the  4npramaiKiDn1  oonvolntion  and  angular  gyrus  Ipticourb^),  while 
■he  upper  in  ooDtiQUOUH  on  tlie  mesial  surface  nith  the  precuneus.  In 
the  occtpitfll  lobe  wf  diBtingmsli  three  convolutions  (a«/i.  med.  inf); 
on  the  mesial  surface  the  lobe  is  represented  by  the  ouneusaod  lingula, 
Hepantted  hj  the  calcarine  tissurf.  The  temporal  lolw  oontains  Ihrw 
convolntiooN  {ggr.  imp,  tnr4.  inf  I ;  on  the  meftial  surface  the  occipito- 
temporal convolution  is  oonlinuoua  with  the  lower  marginal  conioln- 
lion  (known  a8  the  bippocampal  convolntion  f,  the  anterior  portion  iif 
which  iw  called  the  nntu.i.  Tlie  upper  mHrninal  convolution  corre- 
Bponds  to  the  gjnis  tomicatua. 

Flo.  3. — IV  Pomtion  of  Ihc  PrychomoloT  and  ftffcfcwrtworff  Vortieal 
Omlm  tH  thr  Carils  of  Ihr  Skull.     The  cerebral  eortei  coniaire*  the 
motor  and  sensor;  centers  for  the  peripberi*  ot  the  body.     The  csntefH 
which  are  rtetinitel.v  known  are  situated  in  the  central  convohitions,  in 
the  paracentral  lohnle  at  the  hose  oTthethref  frontal  convolutions,  in  the 
SQperior  temporal  oonvolntion,  and  in  the  cort«i  of  the  occipital  lobe, 
especially  on  the  niesial  surface.     The  distribution  and  the  boundari<« 
ot  the  vorions  oentere  are  clearly  shown  in  tlie  figure:   HC,  motor  cen- 
ter for  the  lower,  AC.  for  the  upper,  extremitiea;    VII  C,  center  for 
the  mustlea  innervated  by  the  facial;   SlI  C.  for  those  innervated  by 
the  hjpogloesus  nerves;  M  Sp  C,  tnotor,  5  Sp  O,  wnsor^i-,  speech-winter; 
S  C,  visual  center  (especially  on  the  mesial  surface,  cuneus);  Se,  sen- 
imry  sphere  (trigeminus,  extremities).     In  front  of  SC  is  the  center  (or 
the  movemenla  of  the  trunk;  in  front  of  JCthe  center  lor  movementa 
ot  tbe  heM)  and  eyes  (?),  at  the  base  of  tbe  npper  and  middle  fmnlAl 
convolution.     The  order  in  BC  and  A  C  from  aUne  and  in  front  down- 
wattiand  baokwaid  was  follows:   hip,  knee,  foot  {fnr  BC);  choalder. 
elbow,  hand  {Iot  AC),     f  Consult  aim  Part  IV.)     The  upper  eitremit 
of  tbe  oenlrHl  Hsmire  is  situated  5  cm.  behind  the  roronal  suture, 
sagittal  section  through  tlie  root  of  the  noee  and  (he  external  occipi 
protuberance  pasiseji  a  little  below  the  posterior  limb  of  the  limure 
Sylvius.     The  central  Baanre  tomis  an  angle  ot  about  87  degrees  w 
this  line.     If  we  divide  this  so-called  Rolando's  line  into  three  j» 
we  have  approximately  the  pnaitionaof  the  motor  oenten>  (l»i 
bos), 
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PLATE  23. 

Figure  I  shoWB  tlie  i)OBition  of  the  motor  und  sensory 
nuclei  in  which  the  cranial  nenes  originate  or  terminate. 
Their  relative  positions  arc  indicAted  in  the  tigiire.  vhich 
shows  the  brain-stem  and  medulla  oblontfata  us  seen  from 
alwve. 

The  motor  cranial  nerves  oriffiniite  in  the  liliie  nuclei; 
the  sensory  end  in  the  green  nuclei.  Iln-  cells  ot  the  green 
nuclei  form  the  hegimiing  of  ihe  sensory  neuron.  (See 
Plat«  17.)  The  l£>man  luuiibers  refer  ti>  the  cranial 
nerves.  (V'li,  nasal  descending  motor,  I'c  caudal  de- 
scending sensory  root  of  the  trigeminus;  Km,  motor,  V a, 
sensorj'  nucleus  of  the  trigeminus;  VIII  c  .V,  cochlear; 
Vlltv  -V,  vestibular  nerves. ) 

FjH.  2. — o  to/ show  various  isolate<l  nerve-tibers,  which 
together  make  up  the  white  substance  ot  the  bniin,  the 
columns  of  the  conl,  and  the  peripheral  nen-ea,  and  are 
not  altogether  wanting  in  the  gray  substance.  Each  nerve- 
fiber  contains  as  its  j)rincipal  constituent  the  axis-cylinder, 
which  is  siuTounded  by  a  medullarv  shealh  of  \-ariabls 
thickness,  the  white  mediillorf/  tihftilh,  ()ividi>d  into  segments 
by  the  nodes  of  Ranner.  The  pfripheml  nerves  are  pro- 
vided with  an  additional  layer  of  extn'tne  tenuity,  the 
sheath  of  Schwann,  situated  within  the  ine-lullary  sheath. 

(ft)  Medullaled  iier\(-fibt-ni  in  lon^-jiudina!  section. 
The  medullary  substance  is  stained  black  and  obscures  the 
axis-cylinder,  which  is  better  swn  in  ihi-  transverse  sec- 
lion  (b);  (c)  a  node  of  Ranvier;  (/  and  /,  transverse  and 
longitudinal  sections  stained  with  nigmsin ;  e.  isoIate<l  fibers 
in  the  retwnt  state,  swollen  from  immersion  in  salt  solu- 
tion. 

The  axis-cylinder  is  composed  of  a  large  numhei  of 
single  so-called  ultimate  fibrillar. 


Lateral  View  of  the  Medulla  Dblonjcata,  showing.  In  Sche- 
matic Form,  the  Positions  of  the  Nuclei  and  the  Course 
of  the  Cranial  Nerves  within  the  white  Substance. 

The  liigliPHt  ntivt  IS  lilt'  ocLiliHiioiui-  Ull ),  tlie  uucleus  of  ivhicli  is 
divided  into  Heveral  porlions  au<l  occapies  an  area  of  ooiisidemble  ex- 
tent in  the  oentml  ^y  matter  atidemeath  the  aqnedact  of  Sylvias. 
Poateriorly  in  the  nucleus  ot  (he  trochlear  nerve  (^1'')  ;  it  is  the  only 
cranial  nerve  which  emerges  on  the  doraat  Biirface  of  the  bmin,  where 
it  niHkmi  it«  appearance  behind  the  poeterior  corpora  qoadrigemina 
*n<l,  after  croHsiiig  that  of  the  other  side,  pasaeii  to  the  base  of  the  brain. 

The  trigeminns  ( V )  originally  consista  of  two  distinct  parts :  The 
antriur  motor  portion  (Vm)  gprini^  from  the  raoior  nnclend  of  the 
fifUi  nerve,  and  in  probaoly  joined  by  the  motor  nasal  deJiceuding  root 
(raiiu:  mptWor),  which  aritws  lalenilly  from  the  Rqneduct,  The  poe- 
terior  sensory  portion  (  I'd)  apriuga  from  IheGaseerian  gnnglion,  and 
Biibdivides  into  three  portions  in  the  pons :  one  portion  ends  iti  the 
aenHiry  ntioleus  of  V.  another  passes  as  the  cnudal  deecendiug  root 
(radix  inferior)  through  the  medulla  oblongata  to  the  upper  portion  of 
the  cervical  enlargement,  and  iHgradiiBllyloAt  in  thiH  i^ion;  a  third 
portion  goes  to  theoerebellnm.  Tliefaetal  nerve  ( f'JI)  ariaea  from  its 
long  nucleus,  which  is  deeply  seated.  In  the  niedolla  the  libers  oollect 
and  riHe  townrd  the  surface  b>  form  the  knee  of  the  facial,  which  sur- 
ronnds  the  nncleoa  of  the  abducena  ( 17 )  and  pw«efl  first  outward  and 
Anally  downnard  to  its  point  of  erit  at  the  twse  of  the  hiiiin.  The 
course  of  the  abdncens  is  very  simple.  Tlie  anditory  nerve  (  VIII) 
ends  as  the  cochlear  nerve  |  Vl'll  r)  in  the  ventral,  and  an  the  veatibnlar 
nerve  (  VII  ri  in  ttie  dornal  nucleua  of  the  auditory  nerve  and  its 
immediate  neighborhood.  One  portion  continues  for  some  distaiuje 
canitad  bm  the  dMoending  root  of  VIII.  The  sensory  flhera  o(  the 
gloRsopliaryngeal  and  vagus  arise  in  the  jngnlar  and  petrotuil  ganglia, 
and  end  in  the  sensory  nnclei  of  IX  in  the  posterior  extremity  of  the 
door  of  the  fourth  ventricle  (X,  fireeiii;  oneportiononntinues  torsome 
distance candad  aethedeacendingroot  of  .V  (faaeiettba  s^ilariva).  The 
molor  fibers  arise  in  part  from  the  nucleus  ambignnsf-T,  hlue),  inpiirt 
from  the  nucleus  of  the  spinal  acoessory, 

Thp  nuclens  of  the  hypoglosms  [XII).  which  is  situated  in  the 
caudal  dorsal  segment  of  tjie  mednlta,  Bend*i  itn  til>erH  through  the  snl>- 
stance  of  the  medulla,  on  the  anrfaoe  of  which  they  emerge  laterally 
from  the  pyramidii.  Tlie  nnolei  o(  the  spinal  aooessory  {XI)  extend 
far  down  into  the  upper  portion  ot  the  cervical  enlargement.  The 
fibers  emerge  on  the  surface  if  the  lateral  columns;  r.  p,  highest  pos- 
terior cervical  roots  froni  the  spinal  ganglia;  e.  a,  highest  anterior  roots 
of  the  cervical  enlai^^ment. 


Figure  1  hIiuwb  a  s^ment  of  the  gray  anterior  horn, 
with  its  motor  ganglion  cells,  from  the  cervical  enlarge- 
ment. The  cells  give  origin  to  ihe  anterior  ejiinal  rtxits 
(a.  r),  which  pass  through  the  adjoining  white  snhstance 
of  the  anterolateral  tracts  (hlack  iiietlullated  fibers  seen  in 
transverse  sei'tion).  The  fine  medtillated  fibers  which 
Burround  the  cells  are  in  part  concerned  in  the  transmission 
of  reflexes  (reflex  collaterals  from  the  posterior  roots). 

Figure  2  represents  a  portion  nf  the  niicleUB  of  the 
hypc^loBsUB,  The  fibere  of  the  nerve  spring  from  the 
numerons  Inrfje  multipolar  ganglion  cells.  The  cells  are 
Burronnded  by  a  delicate  network  of  coarse  and  fine 
meduDatfid  nerve-fibers.  Some  of  thfse  fibers  belong  to 
central  pathways,  others  effect  a  close  connection  l>etween 
the  two  nuclei,  thereby  facilitating  the  ronsentaneouw 
action  of  the  two  halves  of  the  tongue,  and  Bubserve  the 
tmnamiSBion  nt  reflexes.  The  nni-lei  of  the  facial,  oculo- 
motor, etc.,  are  in  every  ree|je(t  similar  in  structnn'. 
Thus,  the  peripheral  motor  neuron  begins  in  those  two 
regionB,  while  its  cells  are  surroinided  by  the  terminal 
fibrils  of  the  centntl  neuron;  the  latter  caif  not  be  aeen 
with  this  stain. 
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PLATE  98. 

FiQB.  1  AKD  2.^DuigraiiiiiMlic  Represeaiation  of  the  Posi- 
tion oj  the  Cenieal  and  Lumbar  Eiilargementit.  Between  the 
anterior  longitudinal  sulcus  (.5.  a)  and  the  anteri(ir  roots 
(r.  a)  is  the  anterior  column,  which  ia  subdivided  into  the 
anterior  (uncrossed^  pyramidal  tract  ( Pi/a)  and  the  ante- 
rior ground  bundle  (/.  n). 

Between  the  anterior  roots  and  the  posterior  roots  (r.  p) 
is  the  laleral  column,  which  is  subdivided  into  Gowers' 
tract  ( (r),  the  direct  cerebellar  tract  (Cb),  the  crossed 
lateral  pyramidal  tract  {Pi/I),  the  laleral  ground  bundle 
(fal),  and  the  lateral  boundary  zone  (^), 

The  posterior  columns  arc  divided  into  the  column  of 
Goll  (G)  and  the  cohinin  of  Burdacb  (B).  The  lateral 
posterior  portion  of  Burdach's  column  corresponds  to  the 
entrance  of  the  posterior  roots  (posterior  {rp)  and  anterior 
(ro)  root  zones).  The  extremities  of  the  posterior  horns 
are  capped  by  the  zones  of  Lissauer  ( Z.) ;  v,  central  iield  of 
the  posterior  columns.  The  gray  matter  is  divided  into 
anterior  (C.  a)  and  posterior  horns(C  p).  Between  them, 
near  the  median  line,  are  the  columns  of  Clarke  (CV).  In 
front  of  the  cent  ml  canal  (c.  c)  is  the  anterior  while  {c.  a), 
and  behind  it  the  posterior  gray,  commissure.  The  cells 
in  the  anterior  horn  are  arranged  in  a  mesial  and  a  lateral 
group,  each  of  which  is  again  subdivided  into  an  anterior 
and  a  posterior  segment. 

The  posterior  horn  is  bounded  at  its  base  by  the  sub- 
stantia gelatinosa  (S.  g).  This  is  continuous  with  the 
zona  Bpongiosa,  which  joins  the  above-mentioned  zone  of 
LiHsauer. 

FlO.  S.~Thf  Cenlrnl  Cnnal  ami  Adpining  Structures 
under  a  higher  poirer.  The  canal  is  lined  with  cylindric 
epithelium.  We  see  the  medullated  fibers  of  the  anterior 
commissure  (Or),  which  are  distributed  partly  to  ibe  an- 
terior column  (/n)  and  partly  to  the  anterior  bom.  and 
the  more  delicate  fibers  of  the  posterior  commissure  (Cp), 
which  radiate  into  the  posterior  horn  and  into  Ibe  posterior 
column.  Sa,  anterior  sulcus  with  the  blood-vessels;  Sp, 
dofBol  septum. 


Fig.  1. — FmiituI  Sertiou  Ihruuiih  (he  Genu  iif  the  CotyM 
Onllomtm  and  Anterior  Segment  of  the  fVoiiial  Lobr.  The 
section  includes  the  frontal  lobe  and  ite  three  convolutions: 
superior,  middle,  and  inferior  (/r,  *,  ft.  m,  fi.  i).  The  tip 
of  the  anterior  horn  {v.  «. )  is  seen  in  the  white  substance. 
The  radiiition  of  the  corpus  caliosuni  (flee)  connet'ts  all  th« 
parts  of  the  frontal  lobe  with  the  corresponding  )iarta  o( 
the  opposite  aide.  Laterally  from  the  anterior  comu  (A 
the  lateral  ventricle  (i-.ii)  is  the  beginning  of  the  corona 
radiata;  p-Cr,  its  base.  Centrum  semioviile  (C  Vleum)i 
eg,  cingulum  ( asgociatioii  bundles);  ft,  tangential  fibers: 
at.  g,  central  gray  matter  of  the  ventricle.  On  the  orbital 
surface  the  olfactory  bulb  is  seen  in  transverse  section  (/). 

Fig.  2. — FrmUai  Section  through  the  Head  of  the  Caudata 
Nueleii*.  Behind  the  genu  of  the  corpuB  callosum  is  the 
beginning  of  the  septum  lucidum  (s.  p);  c,  fifth  ventricle. 
The  cut  hea<l  of  the  caudate  nucleus  is  seen  projecting  intt> 
the  anterior  horn  (c.  «).  To  the  outer  side  the  most  an- 
terior bundles  of  the  anterior  limb  of  the  inner  capsule 
(f.  I.  aj  are  closely  applied  to  the  lateral  Bide  of  the  caudate 
nucleus,  in  the  substance  of  whii^h  thpy  disappear.  Note 
the  more  delicate  structure  iif  the  mtdullary  layer  (cen- 
trum semiovale  Vieussenii)  with  the  interlacing  bundles  at 
fibers:  (1)  The  radiation  of  the  corpus  callosum;  (2) 
corona  radiata;  (3)  association  bundles;  Fasciculus  occipl^ 
lofrontaliB  (of);  cingulum  (eg):  fasciculus  arcuatus  Cfii): 
fasciculus  uncinatus  (^w)- 

ce,  External  capsule;  cl,  claustnim;  ft,  tangential  Sbeia; 
pes  jr.  i.,  baae  of  the  third  frontal  c.»ivolution;  nL,  nerves 
of  Lancisi;  st.  n.,  central  gray  matter. 
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Fic.  \.—Frontni  Section  thromjh  the  MiildU  of  tlic  Septum 
Lucvbiiii.  Tlie  tip  of  llie  temjjoral  lobe  is  also  included 
in  the  section.  In  the  white  matter  tlie  section  passes 
through  the  corpiia  striatum,  more  particularly  the  pu- 
tamen  {Put. )  or  outer  segment  of  tlie  leiiticulnr  nucleus; 
the  anterior  limb  of  the  capsule  (t:  1.  a)  breaks  through 
the  corpus  striatum  and  thus  divides  it  into  the  caudate 
nucleus  or  mesial  portion,  and  the  lenticular  nucleus  or 
lateral  portion.  To  the  outer  side  of  the  puta'men  is  the 
external  capsule  ( c.  e) ;  and  outside  of  the  latter,  the  claus- 
trum  (d). 

Fig.  2. — Hefiion  through  the  Anterior  Lhmmismire.  The 
descending  crura  of  the  fornix  (/)niake  their  appearance. 
We  also  see  the  inner  segments  (gi  p,  globus  pallidus)  of 
the  lenticular  nucleus.  At  the  base  of  the  brain  the  sec- 
tion has  passed  through  the  optic  chiasm,  to  the  lateral 
side  of  wiiieh  the  olfactory  tubercle  (f.  o)  is  visible.  The 
most  anterior  convolution  of  the  insula  (/iw)  ap{)earB  at 
the  bottom  of  the  fissure  of  Sylvius,  lateriilly  from  the 
clauslruni.  In  the  anterior  portion  of  the  temporal  lobe 
we  see  the  beginning  of  the  nucleus  amygdalie  {jV.  am), 
which  is  seen  belter  in  the  following  section;  the  cortical 
convolutions  have  been  cut  away.  The  anterior  commis- 
sure (c.  ant)  resembles  the  corpus  callosuni  in  that  it  con- 
nects the  tein[>oral  and  occipital  convolutions  on  the  basal 
surface.  Between  the  crura  of  the  foniix  is  seen  the  be- 
ginning of  the  third  ventricle  (o.  ///). 

Abbreniatioini.  — ce,  Capsula  externa,  cia,  capsulu  interna 
anterior ;  eg,  cingulum  ;  d,  claustruni  ;  fa,  fasciculus 
arcuatiiB ;  fit,  fasc.  uncinatus  ;  hif,  infundibuluni  ;  of. 
fcMC,  occipitofrontal  is ;  p  C'r,  foot  of  corona  radiata;  r, 
rostrum  ;  Rce,  radiatinn  of  eorp.  callos. ;  Sbet.  i,  substan- 
tia innotninata  ;  n  I.,  stria?  Lancisi ;  «  p,  septum  pelluei- 
duin  ;  Jf'r,  stria  eoiiiea ;  »(«.  substant.  subependymica ; 
SuAst.  i>.  nnl.  Substantia  perforata  anterior ;  Ic,  tuber 
cinereum  ;  to,  tuIxT  olfact. ;  v,  ventricnluB  sept,  pelluc 
(fifth  ventricle);  ra.  anterior  horn;  z  B.  Broca's  convo- 
lulion  ;  /,  traetus  olfactJirius. 
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t  the  liase  of  the  liraiii.  Tlif  bml.v  ot  the  liimix  is  hidden 
underneath  the  corpus  eallosiim.  (See  Fi)(.  2.)  The  anterior  (no) 
and  lateral  (n/)  nitclei  cif  the  opiic  ihaliuiTus  come  into  vietr^  and 
betnePD  the  oplic  thalami  the  third  Tentrioli'  (r  ///  )  now  biiguis  to 
widen  oqL 

The  globus  pallidns  [gl.  imll)  subdivides  into  Heveral  M^ients.  and 
with  its  basal  fibers  (iwhb  leutiforniinl  wniTounda  the  inner  cajieule. 
The  optie  tracla  [1r.  II)  pass  haekuartl  from  Ihe  ohiann  to  the  lateral 
^enidilate  body. 

Ab  the  aiittrrior  coramisaure  U:  c  1  it\\>a  nrchea  bockunni  nt  thU 
let'el,  it  is  seen  in  oblique  seotiou. 

Fig.  a.— Srrtion  thrmigh  the  Knrr  of  thr  Innrr  Capivlf.  Beneath  the 
most  iNiaterior  portion  of  the  npper  frontal  convolutions  ore  the 
central  oouvulutiouH,  and  at  tite  bollom  of  tlielisanreof  $ylvin»  {f.S) 
the  oonvolations  ot  the  inxala  (imt).  In  the  teni|iuntl  lobe  (three 
convolntions)  the  nucleus  aniygilatw  (JV.  a)  has  come  into  view,  and 
to  its  mesial  side  the  comu  animonis  (c.  Am),  whicli  represents  the 
inner  hul^nft  ot  the  Hippocauipal  convolntion.  The  caudate  nneleus 
(n.  c. )  in  sepnrated  (ram  the  optie  thalamus  by  the  xtrin  cornea.  The 
fibers  n1  the  ansa  lentifomiis  (an«n  II),  which  are  derived  from  the 
IclobuH  pallidus  (jrf.  iMill),  pass  around  and  through  (r)  the  lowest  bun- 
dles at  ihe  knee  of  the  inner  capsule;  a  pnrlof  these  flberearecolleeted 
into  a  bnndle  in  the  snblhnlamic  reftion  and  pass  to  the  lower  8eld  ol 
the  teRnieulum  (/i^). 

The  optic  thalamnx  {Tli)  is  joiniil  by  the  inferior  peduncle  of  the 
thalaniu!'  [fied.  inf.  th,  nv  Vi^.  1),  derived  from  thelenipomt  lobe, and 
situated  nndemeath  the  ansa  lentifonuis.  with  which  it  combines  to 
lurni  the  ansa  peduncnlaris.  The  optic  tlialanitiH  has  grciitl  v  increased 
in  size,  and  with  ita  upper  portion  (liibrrculvm  ani.  n«. )  reaches  to  the 

It  is  divided  into  three  nuclei:  the  anterior  (na),  lateral  <n/),  and 
mesial  (nni).  To  -ita  outer  side  lies  the  lamina  medallaris  ext«ma 
(/m).  and  between  this  and  llie  inner  ca|isule  the  zona  radiculnris  {ir). 

AbbrerialioHf.  —  c,  Tailpiew  of  caud.  nuol.;  cJtf,  conrniiseura  Mey- 
nert;  fd,  descendiuf!  fornix;  Jft,  descending;  lonf.  bnndle;  Imo,  lamin. 
medallar.  externa  of  lentic,  nnclens;  fmi.  lam.  medull.  interna;  o,  optic 
mdiation ;  Sc,  subntantia  k"w»  centralis  (central  gray  mailer) ;  iifr.  i, 
atralnm  zonale  thalanii;  I,  tapetnm;  rf,  lateral  ventricle ;  ri.  descending 
horn;  r  ///,  third  ventricle.     For  other  ahhrevjations  see  Plate  311,  fl. 
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PLATE  31. 

Fio.  l.—fkrlion  iltraugh  the  Middle  of  the  Third  I  ™(nWf.  Wt  S(*  the  " 
Chree  nuclei  ot  the  optic  thalBmns  ( Thai,  o)  shown  on  Plate  30.  From 
the  npper  (n.  ii)  the  bnndle  nf  Vicq  d'Azyr  (p.  A  I  pHSttes  liownwanl  U> 
the  oorpiLi  nlbicans  {rp.  m  I,  I'tidprnratli  the  optio  thalamus  the  miA- 
Ihnlnaiv  region  com«sinore  pluioly  into  view;  the  latter  ci>uai8le  oF  the 
ansu  U'litiforniis  (nf)  and  the  tegmental  portinD  from  the  veutral  part 
of  the  optii'  tlmlamus.  It  is  divided  into  an  upper  ( fh')  Mid  tt  lower 
I  _(li")  t-'uini*iitnl  field,  tutvinit  betneeu  them  the  zona  inoerta  (»')  or 
MmtiniLiii  Inn  nf  the  zona  radloolaris  thnlanii  {ze ),  and  oontAining  be- 
sided  the  Ixxly  ot  Lu.v  < subthataniic  body)  (d).  The  internal  capmle 
(in  the  region  ot  themoatauteriorsefinieiitot  theposteriorlinih)  Ic.i.p) 
beoonies  gradually  reinforced  bv  oonBtant  additions  trom  the  central 
convolution.''  (motor  central  neun>ns|;  the  menial  portion  ia  b^inning 
hi  appear  at  tlie  hose  ot  the  hemisphere  at  the  crosta  or  pee  (/"J.  The 
lenticalar  nnoleiui  has  diminished  in  aiite.  The  defending  born  (v.  i ) 
in  the  temporal  lobe,  on  the  other  hand,  has  increased.  The  optic 
tract  (tr.  o)  iaaeen  underneath  thecmsto,  which  now  projeolA  freely. 
The  Fornix  (/)  lemiiniites  laterally  in  the  corpnii  albicans  {ep.  m.). 

FlO.  ^.—-Suction  Ihrewgk  the  Central  GaamlHlioiu.  The  subdivision 
of  the  optio  thalarou.4  into  iu  upper  or  anterior  (no),  lateral  (xl),  and 
mesial  {nut)  nuclei  is  pbtinly  seen.  Between  the  two  latter  nnclei 
are  the  fibers  of  the  lamina  me^lullaris  interna  {mi).  On  the  other 
nde  the  capnnle  in  bounded  liy  the  Eonaradicalaris,  which  is  fonned  bj 
fibers  entering  from  the  internal  capsule.  The  subthalamic  region  be- 
tween thecruata  and  the  optic  iJialamujt  has  widened  out.  It  contains 
the  Qorpua  subtholamicum  or  bnd.v  of  Lny  (c.  L),  the  red  nucleus  (n.  r) 
and  its  lateral  white  matter  (/ !,  and  the  zona  inoiTta  (i.  i).  Imme- 
diately beneath  is  the  beginning  of  l-he  substantia  nigra  (.^n).  In  the 
median  line  the  first  fibers  of  theocaloraotor  (///)  begin  to  emerge. 

In  the  descending  horn  (r.  i\  the  tailpiece  ot  the  caudate  nueleailp). 
which  is  n'ftected  towatil  the  batvt  of  the  brain,  is  also  included  in  the 
neotion.  The  mesial  wall  o(  the  lateral  ventricle  isFomied  by  thecomn 
ammonis.  gyrus  deiitnlns  igd),  fimbria  </),  and  inferior  (■honiidnt 
plexus  (^1;  the  Uteral  wall  ia  Formed  by  the  tapetum  (Ip). 

AibreeiatioH*. — cf,  Capsnla  externa;  eg.  genu  capHals  int.;  r-;>. 
capenl.  int.  (pOHterior  limb);  cl,  oiBustmm;/a,  tascicul.  anruHtua;  /«. 
Fhh.  uneinatiLt:  ^i,  inferior  long,  bnndle;  gl.  p.,  glDbn.s  pallidus;  ne. 
caudate  nucleus;  nf,  cup-shaped  nucleus  of  Fleduig;  "/.  fane,  fronto- 
mcipital.;  «,  optic  radiation;  p  Cr,  Foot  of  corona  ladiala;  Patj  puta- 
mMi;  Rer,  radiation  of  corp.  callos. ;  i.  siibst.  subependymica;  ne, 
Mria  cornea;  up,  septum  pellucidum;  It,  Imnia  thalanii;  r.  lal.,  lat- 
mtl  ventricle;  rt,  aeaccnding  horn;  r,  ///,  third  ventricle;  x,  point 
w)iN«  the  ansa  lentiformia  traverses  the  inner  capsule. 
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PLATE  32. 

Flo.  1.— Sedion  Mmujft  Ibc  PuMaar  Thaiami.  Tlie  l>raiu-steiu 
eiiiei;ge8  more  and  more  Iruni  tlii'  hcuiUiiIiere.  The  cerebntl  peduocle 
{Ptd)  \s  entirel.v  /re*,  while  thp  palviuur  is  still  Httocbcd  b.v  ita  upper 
and  posterior  pedunclwi.  Wi-dncd^  in  between  the  cerebral  peduncle 
and  the  internal  i^ponle  I  (Kxlerior  xegnienC,  ctrO  we  And  the  Interal 
gCDicDlate  body  (<-.  y.  I),  in  whidi  the  optic  tract  (h.  it)  terniinaUw.  and 
the  mesial  p>ni<;alate  ImxI.v  (c.  g.  m). 

The  desceniling  Itorn  (r.  i)  iH  appfU^ntl.v  opened  npso  that  its  for- 
mation \yj  the  inva)(inatiun  of  the  cortex  of  the  hippticampal  convoln- 
tion  ia  readily  net'ii.  From  the  free  border  of  the  latter  the  limbria 
if)  be^inH  ile  ixnin*  upwunl.  To  the  (inter  sideol  the  lateral  genioD- 
lale  bod.v  the  optic  radiation  (o)  begina  in  the  triangular  field  of  Wer- 
nicke (ir)  and  paaBCft  to  tbe  cortex  of  the  oocipitol  lobe.  Tlie  Hubthal- 
atuic  r^ion  has  been  replaced  by  the  important  tegmental  region;  the 
KDblhalamic  body  has  disappeared,  the  fillet  (upper,  /»,  and  lower,  li) 
btis  inoreawd  in  width,  and  the  red  naoleus  (n.  r)  lias  become  larger, 
The  third  ventricle  is  about  to  become  the  atiueduot  of  S.vlvina.  The 
pnluncular  libera  nearvnt  the  median  line  are  Hurrounded  by  the  first 
tTvntiverae  flbem  of  the  pons;  the  lenticnlar  nucleus  hoH  disappeared. 

Flo.  a.^nSfcd'on  tlurough  Iht  Parietal  Lobe.  The  brsin-ntem  together 
with  the  piilvinar  is  completely  separated  from  the  hemisphere.  The 
picture  resembles  the  first  Bcotion  through  the  frontal  lobe. 

The  section  included  the  xpleninm  of  the  corpus  callosum;  the 
ls|ietnm  ((p),  to  the  lnters.1  wide  of  the  pcstcrior  horn  of  the  lateral  ven- 
tricle (r.p);  the  optic  radiation  (al.  which  pniees  from  the  primary 
optic  centeni  (lateral  f^nirolate  body,  inferior  corpora  qnadrigemina. 
pnlvinsr)  to  the  occipitnl  lobe.  To  it»  oiil*'r  side  i.«  the  inferior  longi- 
lodinnl  bundle  (fii). 

Ahhreviathtut. — c,  Cauda;  c  (?,  capanla  extemn;  eif,  cinpilnm;  eirl, 
oapmla  intern.  retrolenticntariB;  fm,  cella  media;  d,  diverticnlum  snbi- 
ciill;/c,  fosciola  cinerea ; /en,  foramen  cecum  anterlDs;j)i',  inferior  long. 
bundle;  /mn,  forcejn  major;  fmi,  foirepH  minor;  fp,  poHlerior  lonpt. 
bundle;  ffrf,  gyrnsdentatus;  inc,  lamina medulloris externa;  ne,  caudate 
nucleus;  nl,  nneleu»  lateralia;  of.  taeo.  fronto-occipital. ;  pi,  plexna 
ehoroidena  inferior;  Pj/,  fibers  of  pyramidn;  Rn;  radiation  of  corp. 
callus.;  »,  acce^ory  Dllet;  fin,  substantia  niicra;  t,  Itenis  teciA;  Ip, 
lapetutu;  rr,  benia  timlami;  vl,  lateral  ventricle;  e  ///,  third  ventricle; 
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PLATB  33. 

Fio.  l.—  SeetioH  Ikroagh  tie  Orcipital  Lobe.  The  cortical  visual 
ceiiter  lies  chiefly  in  thi-  neiuhborlnmd  of  tbe  calcarine  fissure  in  the 
ouDatis  nnd  liiiguls.  Here  the  til>erB  of  Gmtiolet's  optie  nidiation  (o ) 
gntdnally  make  their  eiitmnce.  The  neaociation  fibers  are  represented 
bj  the  inferior  longitudinfil  hnorlle  (te),  the  fascicolus  transversun 
(M]nei  (0,  and  the  slistnni  calearinnin  {atr). 

Abbmialunu.—r,  RemainHof  the  foroepe  of  the  corpus  catlmnim;t]>, 
remains  of  the  posterior  hom  of  the  ventricle. 

Fio.  2. — Sagittal  Seeiion  Ihrovgh  the  Brain-idem  (two  miilimeten  to 
one  Bide  of  the  median  line).  The  section  shows:  The  optic  tltalamua 
(iunerwallof  the  third  ventricle,  t.  /J/),  thepoHteriormnnnisBare  (cp), 
the  anterior  and  poaterior  cinpora  qnadrigemina  (cya  and  egp)  with  the 
central  gray  matter  of  tlie  aqoedact  (rl,  from  which  the  oculomotor 
{III)  arieeti.  Underneath  is  the  tegmental  region  containing  the 
red  nnoleus  (nr),  the  decussation  of  the  biachia  (dbr),  and  the  ante- 
rior bnichinm  whidi  ptssea  from  that  point  to  the  oerebellnm;  /.  n, 
flllet.  In  the  poD8  li^  the  pyramidal  tract  tPgr)  which  emerges  u  the 
pyramids  (Pg).  Above  the  pymniidnl  trad  the  trapezoid  ^y  (rfi) 
in  transverse  section,  and  above  the  pyramid  the  olive  {at.  inf).  Be- 
neath the  floor  of  the  fourth  ventricle  (rmfr.  IV)  are  the  following 
structures:  The  locns  ccFrtileus  (fc),  the  knee  of  the  facial  nerve 
{g.  VII ')  with  the  nucleus  o(  the  abducens  immediately  beneath  it, 
Ihp  flberH  of  this  nen'e  (  VI 1  paseine  down  to  the  base  of  the  brain, 
the  dorsal  lonfiitudinal  bnndle  {fd),  and  the  ftnit  acnstice  («f.  a). 
In  the  mednl la  oblongata  the  nucleus  ot  the  hypogloeatLi  |n,  XII),  the 
tnnicatns  gracilis  Inuclensof  GoU,  n.  O),  the  internal  aramtte  fibeis 
(fai),  the  posterior  (/;))and  anterior  (/a)  columns  of  the  spinal  cord, 
and  the  deeuHsntiiin  ot  the  pyramids  (O.  py).  We  see  also  Il\ 
trochlear  nerve;  Ch,  chiasm;  rptn,  oorpns  albicans;  fr,  fascicnlns  letro- 
SexuB;fr,  tuber  cinereiim;  it,  ttcnia  thalami;  i\  bundle  oFYic([  d'Az3T. 

Fig.  3. — Sngiltal  Section  through  the  Brain-tlem  anif  Otrpus  Oitliwiim 
{six  niiniraeters  to  one  side  of  the  median  line). 

Abitreriatioiu. — al,  Ansa  lentiformis;  e,  fJenf.,«)rpn8dentatnm;  e  L, 
corpus  Lnys;  i>.  ril,  corpus  rcstiforme;  /s,  faaciola  ciuerea;  Jl,  fioccu- 
Ins;  fh',  Forel's  tQtmental  bundle;  I.  imp,  n,  Inhns  superior  anterior; 
If,  Im,  laqueiis  latetalisand  laqueus  medialis;  in.  motor  nnrleus  of  fifth 
nerve;  nr,  nucleus  ruber;  Fp,  pyramidal  tract;  i^,  qp,  anterior  and 
posterior  eorp.  qnadrigemina;  «,  sensory  nucleos  ol  Ulh  nerve;  Sn, 
BUbatantiA  nigm;  ('.trigeminus. 
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PLATE  :". 

Fig.  1. — Hon'zuiUal  tectum  Iiamcdialdy  above  Ute  Curpun 
Callomiii.  The  lateral  ventricle  {ventr.  lot.)  is  laid  open 
from  a)iove;  the  section  passes  through  the  fuot  of  the 
corona  radialu. 

Fig.  2. — Horhoulal  SectUm  through  t/ie  Center  oj  the  Cor- 
pus OaUosum.  The  caudate  uucleus  and  optic  thalamus 
are  cut  near  the  surface.  To  either  aide  we  see  the  inner 
capsule  {anterior  limb,  da),  knee  {g),  posterior  limb  (cip), 
and  the  outer  segment  of  the  lenticular  nucleus  of  which 
the  putamen  is  seen  between  the  fibors  of  the  capsule,  To 
the  outer  side  of  the  latter  ie  the  foot  of  the  corona  radi- 
ata  {pei  Cor.  rod). 

Fig.  3. — Hnrizontul  SecHtm  IiamediuUly  below  Figure  2. 
The  putamen  has  increased  in  size;  the  most  posterior 
segment  of  the  inner  capsule,  the  para  retrolentlcularis 
(ciH),  has  come  into  view  and  is  joined  by  Gratiolet's  optic 
radiation  (ffo);  to  the  outer  side  is  the  inferior  longitu- 
dinal bundle  (fli);  to  the  mesial  side,  the  tapetum  (tap), 
which  forma  Die  lateral  wall  of  the  posterior  horn. 

AbbreniaiioM. — c,  Tailpiece  of  the  caudate  nucleus;  c. 
call,  corpus  catlosum;  cex,  exttrnal  capsule;  ria,  internal 
capsule  (anterior  limb);  cifl,  internal  capsule,  pare  retro- 
lentlcularis; cip,  internal  capsule  {posterior  limb);  d, 
claustrum;  /(/,  descending  limb  of  the  fornix;  fii,  inferior 
longitudinal  bundle;  fma,  forceps  major;  g,  knee  of  the 
inner  capsule;  gf,  gyrus  fornlcatus;  me,  lamina  medul- 
laris  externa;  mi,  lam.  nied.  interna;  nn,  nucleus  anterior; 
lU,  nucleus  lateralis;  nm,  nucleus  medialis;  of,  fascicni. 
occipitofrontalia;  p  Cr,  foot  of  corona  radiatn;  pt,  plexus 
choroid,  lat. ;  pp,  pedunculus  jwst.  thalami;  Ro,  optic 
radiation;  gg,  substant.  grisea  subependymica;  sc,  stria 
cornea;  »l,  strife  Tvancisi;  up.  septum  pellucidum;  «, 
stratum  zuiialc;  t.  tienia  tecta;  tap,  tapetum;  c,  fifth 
ventricli-;  r.  ant,  anterior  horn;  rl  poil,  posterior  horn; 
»*,  lona  radicularis. 


PLATE  35. 

Fig.  1. — Horizontal  Section  tlirough  the  Middle  of  the  Optic 
Thalarmis, 

Figs.  2  and  3. — Sections  through  the  Base  of  the  Optic 
Thaiamus.  For  lettering  not  included  in  the  next  para- 
graph see  Plate  34. 

Abbreviations. — r.  A^  Cornu  uninionis;  cci,  anterior  horn; 
n/i,  cella  media;  cp^  commissura  posterior;  E,  pineal 
gland;  /,  fornix;  fh\  Forel's  tc^ginental  bundle;  /mi,  for- 
ceps minor;  7,  central  gray  matter;  /;</,  gyrus  dentatus; 
gl.  pall,  globus  pallidus;  gsc(\  gyrus  suhcallosus;  Ime,  Inii, 
lamina  medullaris  ext.  and  interna  of  hniticular  nucleus; 
nf  cup-shaj)ed  nucleus  of  Flechsig;  />m,  plexus  choroid, 
med. ;  Pidv,  pulvinar  thalami;  /•,  fascicul.  retroHc^xus;  spl 
cc,  splenium;  ttj  taenia  thalami;  r,  ))undle  of  Vic([  d'Azyr; 
V  in,  third  ventricle;  w,  Wernicke's  lateral  field  of 
pulvinar. 
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PLATE  36. 

FiQB.  1  TO  3. — Horizontal  Sections  through  the  Subthalamie 
Region  and  Curpora  Qiimlrigemina.  In  theae  sei:tions  the 
pes  separates  from  the  hemisphere  a»  the  coiitiiuiution  of 
the  posterior  limb  of  the  capsule;  the  posterior  commis- 
sure niukes  its  uppeurance. 

For  the  lettering  not  included  in  the  following  paragraph 
see  Plates  34  and  35. 

Abbrevialiong. — A,  AquteductusSylvii;  al,  ansa  lentifor- 
mis;  ha,  brachitimanticum;  bp,  braehiuni  posticum;  cant, 
commissure  anterior;  ag,  central  gray  matter;  cing,  cing- 
ulum;  cm,  corpus  mamraillare;  fh",  field  b"  of  t^men- 
tum  (ansa  lenticulari?) ;  fii,  fasciculus  uticinatus;  g,  central 
gray  matter  of  third  ventricle;  i^.i,  gyms  fnmlalis  infe- 
rior; gl,  corpus  geniculatum  lateral;  gl.p,  (rlobus  pollidus; 
gti,  gyrus  temporalis  inferior;  gts,  gyms  temporalis  supe- 
rior; gm,  corpus  geniculatum  mediale;  //,  laqueus  lateralis; 
hn,  laqueus  medialis;  It,  lamina  terminalis;  N  III,  fibers 
of  oculomotor;  .V  IV,  decussation  of  trochlear  nerve;  nr, 
nucleus  ru her;  p,  fascicul.  longitud.  posterior;  rcc,  rostrum 
oorpor.  callosi;  i,  accessory  fillet;  Sb.  in,  substantia  in- 
nominata;  Spa,  Spp,  substantia  perforata  anterior  and  pos- 
terior; Ir,  tuber  cinereum;  Iro,  tractus  opticus;  c/,  point 
where  iinsa  lentiformis  traverses  the  knee  of  the  internal 
capsule;  2  B,  Broca's  convolution;  li,  zona  incerta. 
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PLATt  ;r;. 

PlU.  1. —  yerlical  Sxtiou  Ihrouyh  Ihe  JiUerinr  (Jorpora  Qitailrigemiiui 
itml  Fuhiiuir.  The  optic  thalami  (puhinar)  Bre  widely  eeiKknitMl  li,v 
Uie  tuiU-riur  i|uiKlri(|:etuiiiu.  Above  tlic  ujrpiiru  quudrigt'iiiitiu  ia  Ihi' 
pineal  gland  (E),  above  Ilutt  the  lar^  veiii  of  Gaten  If)  uiid  tlie  tela 
choroideit  If.  ch),  ttnd  alHivp  thin,  Anally,  llie  npleniiiin  uF  tli(>  tvirpiiH 
ctitliiauin  and  fornix. 

In  Ihe  oeutml  gray  niutter  [e)  ttii'  iKjiiMliict  of  Sylvius  |.l  j,  with 
thf  ducIeus  of  the  oculomotor  {III)  heneath  it  xnd  th»  iiawil  root  of 
the  fitlli  nerve  (»)  on  itti  lill«ral  side. 

In  the  corjMra  <|iuidrigeniiiia  we  diHtiiiguiah  a  superficial  (»),  a 
middle  I  HI ) ,  and  a  deep  ( i )  Inyer  of  white  innttcr  Under  thrse  layera 
iin<  the  tegmentum  and  the  red  nucleus  (  n.  r),  which  appn>aeh  eaoh 
iithrr  trrini  either  side  ;  to  their  outer  siile  in  tlie  upper  wnsory  flUet 
(/.  ni),  wliifh  in  joined  by  the  lower  Sllet  (/,  ()  from  the  corpora  qnad- 
rii:('iiiiiin  mid  Ihe  posterior  biachintn  Ibp).  To  Ihe  lateral  side  of  these 
Rliiifluvi's  »i'  llnd  the  mesial  (c.  y.  hi)  iinrl  Inieni!  (r.i/,  I)  geniculate 
bodies.  Sejiarulcd  trnm  the  tefcmentiini  by  tlipaiilxlnntm  mi^m,  which 
ia  rcoogiiitcd  hy  its  darkly  pigiuenltil  ivW-^.  iv  ihiTin-ia  i  ixiliuicnluu). 
whioheouUtins  in  itacentrnl  portion  III!' iiiriiiii  iivhiuinLiI  ti.n'i  '.iiit/i. 

Theoptie  tract  (fr.  o)po8ses  tothi-  liit.-i^i!  i;i>iii.-iii,ir.- Ii,,.l.    il..  .niEiiiiir 

corpus iiuHilrigeniinam, and  Gnally  li>lliv)>iiUiiui."hi'ii  i h.    rimn 

thin  iBjiMt  ilw  fibers  of  the  optic  railialion  I  lio)  pnwiihroujih  ilu-  liiteml 
ivhitt'  iiinlti'v  tir)  toward  the  center  and  tinally  M  the  ooeipiial  lube. 
I'lir  fiiiili>-i  details  see  the  photo^r^ph  on  Plate  lO.  2. 

Vlu.  -2  —Si-eiian  firhiWM  fie  Anirriar  and  Pfuileriar  (hrpiirn  iiaad- 
ligi'iiiina.  The  tegmental  region  is  oonipletely  separated  froni  the 
nnlvinar  and  lateral  white  matter.  The  flllel  (/hi.  npper.  and  '/,  lower 
IMentl)  pHBBea  toward  Ihe  base  of  the  brain  l)enealh  thf  red  mielei  (nr). 
From  the  depths  of  the  white  nintler(0  Ihe  foiinlaiu-like  tegmental 
radiation  (/./)  riseii  to  the  median  line,  where  the  fibers  decussate  in 
Meynert's  tq^mental  decusPBtion  ( j  flf )  in  the  raplie.  Imiiiediatj-ly 
beneath  the  nucteiiH  of  the  ornloTnotor  (n. ///)  In  the  central  gray 
matter  (c)  is  the  poslerior  longitudinal  bundle  If),  which  ean  be 
plainly  recwgniEed  in  this  section.  On  its  outer  nidc  fibers  Front  the 
optic  thalBintiHBret)eenpa«ing  tatliesabfltAntia  reticulai'ls(,'fr/).  Tlie 
divirioiiii  of  the  oculomotor  nuclena  (ventral  auil  domal  nuclei)  c*n  be 
Keen.  The  puxterior  hraohium  {br.  p]  oontains  fll)ers  running  ^m  the 
pusterior  corpuii  ijuiidrigeminnm  to  the  mesial  genicniate  body.  Pibera 
ooming  from  the  striate  body  end  io  the  substantia  nigra.  The  fillet 
which  vuilFS  the  corpora  quodrigcmina  uitli  the  optic  tlinlaniiis  III) 
uuntains  fibeni  which  pass  from  the  nnti-rior  nucleus  in  the  ciirponi 
qnndrigeniina  to  the  opiki  thalnmns.  Tlie  cnLitflOnniAinsthe  following 
aOiiotnreit:  The  lateral  (oval  or  Tiirck's)  hnndlc  IJl).  Ihe  pynnnidul 
tract  (/;»#',  and  the  mesial  pontine  bnnille  l/iul,  Tlie  Intler  is  Biir- 
ronnded  by  the  nooenory  tract  of  the  Hllel,  Siiit/ka's  hundk-  fnnn  the 
pynunirtal  tract,  which  'ie  n-i^rded  ns  theecniral  pathway  of  Ihe  tiiotoi- 
drmnial  ner^■e9;  the  c«iitrarpnthwny  of  the  sennoiy  oniniul  ncrviw  is 
mtppoteii  t(>  correspond  to  the  smtlcml  bumlleur  the  (flirt  id]  which 
deaxnds  from  the  Hllet  to  the  higliexl  ■egiuent  of  the  pea. 

Abbrerialiima.  —  c,  eall.  Corpus  mlloBiiin;  rtrl.  engHUle  int.  retro- 
lentionlam;  eg,  cin^ilnm;  K,  pinnil  j^luiidi  /<■,  Fon-I's  t^tmetilal 
deouasation;  JU,  fa«cicul,  Inngituil.  inf  ;  fim:  ma,  foreepa  nuijor;  Ir. 
lAteral  white  matter  of  red  nucleus;  n.  nasal  or  upper  root  of  Hfthnen'e; 
M,  nnol.  eandatos;  m:,  nuclriia  venlmlis  tliaUmi;  .V.  ///,  oculomolor; 

&fkecicu1.  oocipilofrontAliH;  pi  t,  /il.  i,  plexus  charuiilenN  bileralin, 
rior;  Ip,  tapctum;  t,  ttenin  tia^tti;  w,  WnHNvrnnt-,  ri. iftxSs\JNMr>«v. 
I^^ftaitum  ximalr:  r.  vi-im  niMftna;   i'.  iii.f,  Ae«-»-4\Aw>t \wiTw,  ", 
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are  joined  by  a  port  of  the  inferior  lateral  fillel  [U).  Bv  the  si 
the  nB«al,  deKieniliiiK  root  of  the  trigetuinnii  (n)  we  see  tho  tmnk  of 
the  truclilear  nerve  ( / 1' )  i  which  be^;tna  at  this  point.  The  tegnientum 
contains  the  decuBantion  {dbrl  of  those  fibetH  of  the  htuchia  {br)  which 
arise  in  the  red  nuclei  and  enter  the  cerebellum  (priKfflBUHoereiieHi  ad 
corpora  gnwlri^mina). 

The  puslerior  lon^itDdinal  hnndle  |  /  J  onmes  in  relation  on  its  ooter 
Hide  with  the  sal>staiitia  reticnkriM  ti^^enti  l^rf).  Underneath  the 
decussation  or  the  brachia  is  thesuperior  horizontal  fillet  (m)  coonecl- 
\ag  thecorl«x  and  optio  thalanii  (central  nen^oryinthnay),  and  to  Uie 
outer  side  of  the  latter  th<!  inferior  fillet  (tl)  from  the  corpora  quad - 
rigeniina  (central  anditory  pathway). 

Mo«t  of  the  pediincniar  Qliere  end  in  the  pontine  i;uaKl>s,  niesial  and 
lateral  pontine  tracts  (  fm.fi).  The  pyramidal  tract  (fpu^  oi'ly  passes 
through. 

Flo.  a.— Sn-^ion  Ihrimgh  the.  MiddU  of  Ihr  t'our.  The  uqtiedact  Iws 
widened  out  and  become  the  fourth  ventricle  {i:  It'j.  Ita  root  at  this 
point  is  fonned  by  the  anterior  medullary  velum  (e.  w.  ii)  and  the 
lingula  (/)  (fruui  the  verniiform  process  of  the  oerebelluTiij.and  ti) 
either  side  by  the  uinssive  brachia  (6r).  wliich  Imve  just  emergeil  from 
their  drciiasntion. 

In  Ihe  tefpiieulal  regioD  we  see  the  puelerior  lon^tudiual  handle 
(/);  the  substantia  reticularis  {Srt],  to  the  lateral  side  of  l^c  raphe 
( K),  in  which  nnmerons  central  pathways  undergo  decussation  ;  the 
central  t^inieutali«thtt'ay(c,();snperior  (mesial)  and  inferior  (tatenl) 
tillets  (/.  in  and  /.  {)•  Embeddeil  among  theae  flbetH  are  numeranii 
nuclei  (upper  olive  (o.  g),  nuclei  of  the  subalautia  reticularis,  etc.)  ; 
to  the  lateral  side  of  the  tt^ientum  the  motor  (m)  and  eenBO!;  U) 
nuclei  of  the  fifth  nerve  anil  ita  roota,  which  are  joiued  above  by  uie 
nasal  (motor?)  root  of  the  l^fth  nerve  (n)  (near  the  latter  the  pigmented 
cells  of  the  locus  ouirule us,  U).  It  is  further  reinforced  byabiindleof 
fibers  from  the  neighboring  white  tiuttter  of  the  cereliellum  corre- 
sponding to  the  direct  sensory  cerebellar  tract  [av),  and  by  a  crosHd 
bundle  (c)  from  the  nucleus  of  the  opposite  side.  The  wnwiry  caudal 
root  of  the  fifth  nerve  |  V.  e)  paiws  downward. 

The  pyramids  ( Pn  I  pass  from  tbe  crusla  through  the  pons  covered 
by  tile  BuperficiaJ  and  deep  pontine  fibers.  Tlie  prDoeseun  cerebelH  ad 
pimtfMn(Prp)  begin  in  tlw  cerebellar  cortex  ICh.  wrf)  and  terminate  in 
the  pontine  ganglia  of  the  opposite  side  after  decumatiiiij  in  the  raphe 
IE).  They  com  ninn  irate  witli  the  mesial  and  Interal  i>edunciiloponline 
pathway. 

Abbrftnalionii. — A.  annediKt  of  Sylvius;  i',  centml  iiray  nuittec  ; 
firii,  corpus  lrape»iides ;  d,  MvitterHl  bnndles  of  fillet;  H,  raphe 
(dccuHMtion) ;  ■.  accMSory  fillet. 


PLATE  W. 


Fig.  1. — Section  Oiraagh  Die  Hujht  Uplir  Thalamus  nl  ihe 
Lecel  of  (Ac  M'uhUe  0»nini»gure  (iK-liiinl  the  s4.-clioii  shown 
un  Plate  31,  Fig.  \).  The  three  nuclei  of  the  optic  thala- 
mus are  easily  rwognizefl  (nacl.  anterior,  a ;  nie<liul.,  m; 
lateral.,  0-  A  robiiet  bundle  of  fibers  (r),  known  ae  the 
bundle  of  VI<ij  (I'Azyr.  jHisses  from  ibe  anterior  nucleus 
(which  is  shown  in  transverse  section  in  Plates  :i5  and  SG) 
downward  to  end  in  the  corpus  albicans  of  the  same  side 
(if«  termination  is  clearly  shown  in  the  unstained  section 
2,  Plate  12).  Underneath  the  optic  thalamus  is  the  sub- 
thalamic region  with  the  ansa  lenticularis — Forerci  field, 
h"  of  the  t<^ncntum  (An.  0;  subthalamic  body  (c.  L), 
the  fibers  of  which  after  traversing  the  internal  capsule  (n ) 
tenoinate  in  the  globus  pallidns  IgLp)  of  the  lenticular 
nucleus;  underneath  is  the  substantia  nigra  (S.  »).  P,  pes. 

The  lateral  zone  of  the  lateral  nucleus  ( zona  reticularis) 
is  juinctl  by  the  corona  radiata  coming  from  the  internal 
capsule  (c.  i).  The  middle  commissure  (<r.  m)  contains 
only  a  few  nerve-fibers 

Fig.  2. — Sedion  through  the  AnUrinr  Corpora  Quadrigfm- 
iiui  OR  Ihe  Left  Sitlr  (in  front  of  the  section  shown  on 
Plate  37.  Fig.  1).  The  liileral  geniculate  body  (c.  g.  I) 
and  anterior  eorpns  quadrigemiuum  (c.  q.  u)  contain 
numerous  terminal  fibrils  from  the  fibers  of  the  optic 
nerve  (tro).  The  jiathway  for  the  pupillary  n.'flex  must 
Ih.-  sought  in  thiH  rt^on.  between  this  point  and  the  oculo- 
motor nucleus  (A'  ///).  The  emerging  oculomotor  filK'tx 
(///)  mark  the  beginning  of  thi-  crusta  or  yiea  (Perf).  Its 
mesial  segment  contains  ^;pitzka's  accessory  bundle  (-i), 
which  probably  contains  the  central  pathway  for  the  motor 
cranial  nerves,  and  passes  from  the  pes  upward  to  the  teg- 
mentum to  undergo  decussation  later  in  the  raphe. 

Abbrerialiont. — AS,  Aqueduct  of  Syhius:  f.  Am.,  gyrus 
hipjiocampi;  cc,  corpus  callosum;  rM,  nuoL  caudatus; /, 
ptirt.  long,  bundle:  fim,  fimbria;  li.  U.  lateral  and  mesial 
fillets;  nam,  nucl.  amgydabe;  id,  lenticular  luich-us;  nr, 
red  nucleus;  Piitamen  teg,  thai,  fibers  to  the  optic  thala- 
mus; tro,  tractus  opticus;  u,  uncus;  rf,  r.  ///,  lateral  and 
middle  ventricles. 


PLATE  41. 


Fig.  1. — Secthiii  Ihmuyh  the  TetfiiifiUiini  brhind  tlif  PimU- 
rior  Corpora  (^uulriyemhui  (behind  the  set-tioii  on  Plate 
38,  1).  The  aqaednct  is  just  heginning  ti  widen  out  into 
the  fourth  ventricle  (c  IV). 

Note  the  etnicture  of  the  substantia  reticularis  (Srt), 
which  contains  descending  fibers  from  the  optic  thalarai 
and  ascending  fibers  from  the  anterolateral  columns  of  the 
spinal  cord.  The  mesial  superior  fillet  (L.  i,  main  filict) 
Bubdividea  into  numerous  bundles.  To  it«  outer  side  is 
theinferiorfillet(L.  j).  part  of  which  ascends  to  the  poste- 
rior corpora  quadrigemina.  Further  out  is  the  nucleus 
lateralis  (of  the  o]itie  thalamus). 

Brachia  (B),  nasal  root  of  the  trigeminus  (  Vn),  poste- 
rior longitudinal  bundle  (/);  the  heavy  decussation  of 
fibers  in  the  raphe  (R)  of  the  tegmentum  is  plainly  seen 
(the  region  rontains  central  sensory  and  motor  decussating 
pathways);  /.  c,  locus  cwruleus,  containing  deeply  pig- 
mented cells. 

Abbrmiationg. — P,  Pons;  06,  cerebellum;  v,  superior  ver- 
miform process. 

Fig.  2. — Section  through  Ike  Nuciti  of  the  TVigeminuii  (in 
front  of  the  section  shown  on  Plate  4S,  2).  Note  the_ 
details  of  the  tegmentum  and  of  the  nuclei  of  the  trigem- 
inus. The  eaudal  descending  root  with  its  various  bundles 
( Kc)  is  very  plainly  seen  in  this  section  lying  between 
the  motor  (iii)  and  sensory  (»)  nuclei.  Central  tegmental 
patliway  (d),  substantia  reticnlnris  tegmenti  (Sr.  t),  pon- 
tine ganglia  (3)  between  the  superficial  (Ps)  and  deep 
iPp)  pontine  fibers.  The  raphe  of  the  tegmentum  {&) 
and  of  the  pontine  fibers  (R)  contains  numerous  decus- 
sating fiber  tracts.  Undernejith  the  superior  olive  (0. «) 
at  L.  i.  the  transverse  fibers  of  the  trapezoid  body  and 
inferior  fillet  (central  auditory  pathway)  arc  seen. 

Abbrei-ialiotis. — B,  Brachium;  C6,  cerebellum;  Ic,  locus 
cffruleus;  N  V,  trigeminus  fibers:  Py,  pyramidal  tract; 
ma,  anterior  medullary  velum;  v,  vermis  sup.;  JVc,  nasal 
root  of  trigeminus. 
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Fro.  i.—Sf4-twn  throii(/k  thi-  CerebfUmnand  MtditUa  Ob- 
hnt/atti  (iJUBlerior  |)Oi'tion  of  the  rhomboid  fosea).  The 
lateral  walls  of  the  fourth  veiitride  (v.  IV)  at  thin  point 
are  formed  by  the  pia-ai'acljnoid,  as  the  restifui'in  bodies 
(tr)  have  become  coinpletnly  separated  from  tin;  fertbellar 
hemispheres.  The  rtMif  of  the  ventricle  is  foriued  by  the 
vermiform  process  {V);  superior  (p.b)  and  inferior  vermi- 
form processes  (».  i). 

In  the  cerebellum  we  see  the  corpus  dcnlatum  (c.  d)  and 
the  tegmental  nucleus  (ii.  t).  The  cortex  of  the  hemi- 
spheres has  been  out  away.     Noduhis  (/i). 

In  the  medulla  we  see  the  pyramids  f^Py),  olives  {ol), 
restiform  bodies  (cr),  and  the  internal  arcuate  fibers  which 
leave  the  latter  structures  at  this  point. 

FiQ,  2. — Section  through  the  Medulla  Oblongata  at  the  Level 
of  the  (itowopknri/nifeDrntiua  Niicleiii.  By  the  side  of  the 
pyramids  {Py)  the  inferior  olives  (ul)  have  made  their 
appearance.  The  cerebellar  fibers  (J'ol)  paKS  out  from  Ihe 
restiform  bodies  (it)  to  the  olive  of  the  opposite  side. 
Between  the  olives  hi  the  "  interoUvary  layer "  the  Hiii>e- 
rior  fillet  (/.)  is  seen  close  to  the  rapiie  (K).  Dor- 
sally  it  comes  into  relation  with  the  posterior  longitudinal 
bundle  (/).  The  space  l>etween  the  latter  and  the  resti- 
form body  is  occupied  by  the  substantia  reticularis  ( S.  r.  I ) 
of  the  tegmentum,  while  on  the  dorsal  side  the  sensory 
nuclei  of  the  ninth  and  (enth  nerves  an-  seen ;  on  the  outer 
eide  of  these  the  doi^il  nucleus  of  the  eighth  («.  VIII  d). 
In  front  of  the  rcatifi-iin  budy  is  the  descending  root  of  the 
ninth  and  tenth,  ihi-  soliUiry  bundle  («),  and  under  this 
the  descending  root  of  the  trigeminus  (  V.  c)  to  the  lateral 
side  of  the  substantia  gclatinosa  (S.y).  The  fibers  of  the 
ninth  and  tenth  emerge  on  Ihe  gurtat?^'  of  Ihe  medulla  by 
the  side  of  the  solitary  bundle.  To  their  mesial  side  in 
the  tegmentum  is  a  group  of  cells  known  iis  the  nucleus 
ambiguns  (n.  a),  or  motor  nucleus  of  the  viigus.  which  can 
also  be  seen  in  the  following  sections,  ol.  m.  Mesial  olive; 
oip,  posterior  accessory  olive;  Cb,  fibers  of  the  restiform 
body  belonging  to  the  direct  cereltellar  tract;  n/,  nucleus 
arciformis,  surrounded  by  the  cxiernal  arcuate  fibers,  which 
emfrj;i'jit  ihe  raphe  and,  sweeping  over  Ihe  pyramids,  join 
the  rcslifnrni  hoilv, 
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PLATE  U. 

Fiii.  I.— .S-cfiuH  thitfiyh  thf  Mrdiilh  nl  ihf  l^rfi  of  thr 
Xiiclei  iif  the  Tndh  and  Tirrlflk  .\Vitw.  To  the  mesial' side 
of  tile  nucleus  uf  tin-  t«nth  nerve  that  of  I  he  h_v[Higloe8ti8 
I A7/ )  makes  ita  apjieiiranre  iti  the  floor  of  the  fourth  ven- 
Iride.  The  fibers  of  this  nerve  pass  iipwnrd  from  the 
l>oijt<Tior  longitudinal  binulle  {j' )  and  tillet  {L).  To  the 
outer  side  of  the  otivee  the  external  arcuate  fihere  iJ<tc) 
liass  from  the  restifonu  IkkIv  to  the  fillet  of  the  same  side, 
wliile  the  iuterniil  arcuate  fibers  I.  .fin  J  imss  through  the 
substantia  reticularis  and  connect  the  lillet  with  the  niesial 
segment  of  the  restiform  body  >>f  the  othor  ijide,  aft^r 
traversing  the  descending  root  of  the  trigeminus  (TcJ; 
hence  they  cross  in  the  raphe.  Above  the  inferior  olives 
{ol)  is  the  put^terior  olive,  and  to  its  mesial  side  the  inter^ 
nal  or  atKwssory  olive  (o/.  m).  The  direct  cerebellar  tract 
(t6)  18  contained  in  the  restifonn  Iiody  and  continues 
downward  tiiwiird  the  pyramids.  Jwl,  cere! M?llo-oli vary 
and  interolivary  lil>ers. 

Fic.  "J. — Sfctiiiii  (hrntyh  the  Oi/ithui»  ScrijOoritis  in  the 
MediiUii.  The  restiform  lK>dies  ('■.  r)  arc  gradually  reduced 
in  size  as  more  and  more  fibers  are  given  off,  and,  ap- 

Eroaching  each  other  in  the  median  line,  close  the  rhora- 
oid  fossa  (r.  /I';  dorsjdly,  the  taenia  of  the  fourth  ven- 
tricle). The  nuclei  of  the  posterior  colunmn.  the  mesial 
nucleus,  or  nucleus  of  GoU.  and  lateral  nucleus,  or 
nucleus  of  Burdach  («,  /.  ]ii.  apiiear  in  the  restifonn 
bodies.  From  these  nuclei  the  internal  art'uaic  fibers 
(.fill)  descend  in  massive  bundles  to  the  fillet  (L^  of  the 
other  side.  The  nucleus  of  the  hypogloesus  (ir.  XII)  and 
the  central  canal  (<r)  occupy  a  deeper  position.  Termin- 
ation of  the  nucleus  of  the  tenth. 

Pi\  Pyramids;  /„  fillet;  .Srt,  Hubstantia  reticularis;  &  j, 
substantia  gelatinoea:  V.  e,  descending  root  of  the  trigem- 
inus; Vh,  direct  cerebellar  tract;  »,  solitary  bundle;  of, 
olives;  /,  posterior  longitu<Unal  bundle,  etc.,  as  in  former 
plates.  K,  raphe  nf  the  tegmentiinj ;  /m;  external  arcuate 
fillers. 
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PLATE  45. 

Flo.  1. — Section  throuyh  the  Nueki  in  the  Posterior  Columiie. 
Above  the  nudei  of  GoU  {n.  Q)  and  Burdndi  («.  B)  the 
correspoDding  funiculi  (gracilis  und  cuniuitijtj)  are  plainly 
seen  sharply  separated  from  each  other.  The  central 
canal,  and  with  it  the  nucleus  of  the  hypt^losaus  {XI I), 
have  descended  further  into  the  substance  of  the  medulla. 
The  ioternal  (/«i)  and  external  {j'ae)  arcuate  fibers  are 
plainly  visible.  Everything  else  as  in  the  preceding  sec- 
tions, except  that  the  olives  (o/ )  are  considerably  dimin- 
ished in  size.  Ca,  beginning  of  the  anterior  horn  of  the 
spinal  cord;  Sg,  beginning  of  the  posterior  horn. 

Fig.  2. — Section  throuyh  the  MeduUa  below  (/le  OUvex. 
After  the  olives  have  disappeared,  the  medulla  becomes 
considerably  smaller.  The  nuclei  of  Goll  (n.  (i)  and  Bur- 
dach  (n.  B)  are  smaller,  while  the  corresponding  funiculi 
(gracilis  and  cuneatus)  are  larger.  The  nucleus  of  the 
hyp<^lossus  ha«  disappeiired,  and  that  of  the  spinal  acces- 
sory makes  its  appearance  in  the  anterior  horn  {Ca). 

The  area  occupied  by  the  direct  cerelwllar  tract  is  clearly 
outlined,  and  is  joined"  on  its  dorsal  side  by  the  substantia 
gelatinosa  (S.  g),  on  the  outer  side  of  which  we  see  the 
descending  root  of  the  trigeminus  (V.  c).  fa!  and /ae,  inter- 
nal and  external  anniate  fibers;  S.  rt.  snbstjintia  reticularis; 
L,  611et  (considerably  reduced  in  size);  A',  decussation  of 
the  fillet;  P;/,  pyramids;  ohn.  internal  secondary  olive  as 
on  Plate  44.  Between  the  columns  of  Goll  the  posterior 
longitudinal  sulcus  {S.  p),  iind  between  the  pyramids  the 
anterior  longitudinal  sulcus  (&a).  In  tlie  pyramids  the 
arciform  nucleus  (n.  o). 
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PLATE  4fi. 

Pig,  1. — Seclivn  IinmediaUly  above  the  Deciueatwn  uf  thf 
Pyramids.  Tlie  pyrauiidH  (Py)  occupy  a  deejier  position 
and  tend  k>  approach  eai-h  other,  thus  Btsparating  the  nar- 
row layer  of  the  fillet  (fn)  into  two  portions.  Tlie  poste- 
rior longitudinal  bundle  (/)  ia  Btill  visible  at  the  summit 
of  the  pyramids.  The  internal  arcuate  fibere  (fai)  are 
plainly  seen  emerging  from  the  iiucleua  of  Gull  (".  G)  to 
pass  to  the  fillet  of  the  opposite  side  (decussation  of  the 
fillet). 

The  iiuelei  of  the  posterior  coluimiB  {«.  (V.  and  B. )  have 
diminished,  while  the  substantia  gelatinysa  {S.  g)  has  be- 
come more  massive  (l>eginning  of  the  jKJst^rior  horn, 
aym.  p).  In  the  substantia  reticularis  tegmenti  (Hrl)  the 
region  lietween  the  remains  of  the  fillet  and  longitudinal 
bundle  corresponds  to  the  beginning  of  the  anterior  hum 
{com.  a).  The  fillers  of  the  8ubsta,ntia  reticularis  on  the 
outer  side  of  the  anterior  liorn,  the  anterolateral  ground 
bundle  C,^)i  and  Govtere'  tract  (G),  the  direct  cerebellar 
tract  (CK)  being  situated  more  posteriorly.  In  the  middle 
we  see  the  nucleus  of  the  twelfth  nerve,  which  disappe£n< 
at  this  point.  The  accessory  olives  have  disappeared. 
The  spinal  portion  of  the  eleventh  m-rve  arises  in  cells 
situatetl  in  the  lateral  porliuii  of  the  anterior  horn.  For 
the  remaining  letters  see  Plate  4.5. 

Fig.  2.—Se,-(!on  Ihr'-'h/li  the  Da;,m<t!»ii  nf  th>i  P,,riimid/i. 
The  nn.Ofi  of  the  pnsliTinr  cnhiinns  b:u-c  cii»;ijn>enred, 
and  t\\f  pii-'liTior  Hi'gniml  is  intinlv  ui'cupicd  l>v  the  pos- 
Un-ior  cohnuns  (columu  i.t  (iull  .nid  n.lnnin  of'Burdach, 
/.  O.  U). 

The  pyramids,  after  ujidergoing  decussalioii,  traverse 
the  Mulislancc  uf  the  anlj-rior  horn  (/>.  P)/)  and  enter  the 
lateral  coliunu  of  the  olher  side;  the  decussation  of  the 
fillet  has  disappeared.  The  posterior  horn  (S, ;/)  is  plainly 
seen,  The  other  atruclurcs  are  the  same  iis  in  the  precetf- 
ing  cut. 

C.a,  Anterior  horn;  e.c,  central  canal;  S.a,  jwsterior  aul- 
cub;  fttl,  lateral  column;  N  XI,  spinal  accessory  nerve 
emerging  at  the  lateral  surface  of  the  cord.  Its  nucleus  is 
situated  in  the  anterior  hnrn  fOr);  m,  highe.Ht  anterior 
rool  uf  the  first  cervieal  nerve. 
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BegiiiDtug  with  this  plate  the  aectiollB  are  aliown  inverted,  aeconl- 
ing  Ui  tiie  O8O0I  CDStotn,  The  (loraal  BCgnieut  {S.  p)  is  below  [  tJie  ven- 
tral i,S.a),  nbove. 

Fio.  1. — Seclian  Uiruutjk  the  SpiiKit  Owrf  immediately  6e- 
low  the  DfcasstUiuii.  0/  llu-  l^miniiU  Tlif  pyraiiiida  (Py) 
have  for  the  most  part  diiwpueared  frf)ni  tlie  anterior  col- 
umn, and  are  now  contained  in  the  lateral  uoliitnn  of  the 
other  side.  The  anterior  column  now  contain;;  the  un- 
crossed pyramidal  tract  {Py.  a)  and  the  anterior  ground 
bundle  (fa),  eongisting  partly  of  the  posterior  longitudi- 
nal bundle.  The  lateral  column  cont;iina  the  crossed  or 
lateral  pyramidal  tract  {Pi/);  the  anterolateral  ground 
bundle  (fal)  and  Gowers'  tract  ( G)  being  the  continuation 
of  the  ^bers  of  the  substantia  reticularis  tegtnenti;  the 
direct  cerebellar  tract  (C  li),  consisthig  of  the  reatitonu 
bodies  (ventral  portion).  The  pogtcrior  columns  contain 
the  column  uf  Goll  {f-O)  and  the  column  of  Burdach 

At  the  bottom  of  the  anterior  longituilinal  sulcus  {S.a) 
we  see  the  anterior  commiBsiire  (rf),  the  spinal  continua- 
tion of  the  decussation  of  the  pyniTnids,  and  dorsally  the 
central  canal  (c.  e)  and  the  posterior  comniisBure. 

The  anterior  horn  ( C  a)  and  the  posterior  horn  (c.  p) 
are  now  fully  formed.  In  the  posterior  hnrn  the  sulstan- 
tia  gelatinosa  (5.  (7),  which  is  visible  in  higher  sections,  is 
still  very  well  representeil.  The  roots  of  the  highest  cer- 
vical nerves  here  emerge  from  the  anterior  horn  (anterior 
roots),  and  the  posterior  fibers  enter  the  lateral  portion  of 
the  column  of  Burdach  (the  posterior  roots  enter  the  pos- 
terior root-zone). 

Flo.  2. — SfrtifM  ihrnugk  llir  l^pimil  Coril  nl  the  Lfcel  oj 
Ihe  Fourth  Crrrifat  A'flir.  lettering  us  in  Figure  1,  The 
Biibstanlia  gelatinosa  (r.  p)in  the  posterior  horn  is  now 
much  reiliiced  in  size  and  appears  smaller  and  smaller  in 
succeeding  sections.  Origin  ot  the  phrenic  nerve  in  the 
cells  of  the  anterior  horn  {Ot).    rji.  Posterior  rootP. 
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PLATE  4P. 

Fig.  1.— .SccfMHi  tfirough  the  Cerpwai  EHlnnjf.iuenl  iit  the 
Level  of  ch  Seventh  Cereical  Nerve  (Pleetis  Bravhiulin) .  Owing 
to  the  vigorous  tJevelopnient  of  ihv  gray  tuuttt;r,  liie  an- 
terior horn  (C.  a)  has  materially  increased  in  width.  Thft 
arrangement  of  the  stnicturee  ie  the  same  as  in  Plate  47, 
Figure  1.  The  anterior  horn  containe  tlic  cells  for  the 
motor  peripheral  neurons  for  the  iiuisctes  of  the  nrni  at 
this  level,  especially  of  the  muscles  of  the  foi-eami.  The 
ganglion  cells  are  divided  into  &  small  mesinl  (m),  and  a 
lateral  (0  group.  The  lateral  and  meBiul  gnmps  an>  again 
subdivided  into  anterior  (^/.  o)and  poBtt-rinr  (/.ji)  segments. 
It  is  probable  that  the  true  motor  ganglion  cells  sire  Bit- 
uated  in  the  lateral  groups.  Behind  the  motor-cell  groups 
are  the  so-called  "  middle  cells  "  (<:),  which  are  surrounded 
by  the  terminal  Hhrils  of  numerous  collaterals  from  the 
posterior  root*  and  from  the  lateral  columns.  The  poste- 
rior roots  (r.  p)  and  their  course  can  be  studied  better  on 
Plate  52,  Figure  1. 

Fig.  2. — Section  Umtiif/h  the  Thoracic  Purtiim  of  the  ifjtinni 
Cord  at  the  I^evel  of  the  third  Thoracic  Nerce. 

FlQ.  3. — Sedtiin  through  the  Thoracic  Portion  nf  t/ie  Cord 
al  the  Level  of  the  Sirfh  Thoracic  Nerve.  Tlie  peripheral 
neurons  for  the  intercostal  muscles  emerge  from  the  ante- 
rior horn,  which  is  narrower  lit  this  point  thao  in  the  cer- 
vical enlargements.  At  the  base  of  the  i)osterior  horn  the 
first  indications  of  the  columns  of  C'lnrke  (CI)  are  seen. 
ce.  Central  canal. 

The  columns  of  (loll  gradually  disappear  as  we  go  fur- 
ther down  the  cord.  The  relalions  of  olher  Btnu'tures  are 
the  same.     r.  a.  Anterior  roots;  r.  j»,  posterior  roota. 

Abbrevialioiii. — (W,  Anterior  horn;  ca,  anterior  commis- 
sure; Cl>,  direct  cerehellar  tract;  (v,  central  canal;  «/,  col- 
umns of  Clarke;  c]i,  posterior  horn;  fa.  anterior  column 
(ground  bundle);  fal,  lateral  column  (ground  bundle); 
fB,  fG,  columns  of  Burdiich  and  Goll;  G,  Gowers'  tract; 
L,  boundary  zone  of  Lissauer;  ra,  rp,  anterior  and  piisterior 
roots;  Sa,  Sp,  anterior  and  posterior  longitudinal  sulcus; 
Pt/,  lateral  pj-ramidal  tract;  Pya,  anterior  pyramidal  tract. 
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PLATE  ia. 


Fig.  1. — Section  through  Uie  Thomrtc  Portion  of  the  Cord 
al  ihe  Leoel  of  the  Eleventh  Oroica/  AVnv,  Tbe  anterior 
horn  (C.ii)  again  Jiiureaseg  tn  size  and  its  contonr  is 
altered.  Tbe  cells  of  the  cutumiis  of  Clarke  (C./)  have 
become  larger  and  are  quite  conspicuouB.  Fibers  from 
these  cells  enter  the  direct  cerebellar  tract  (^Cli,  Plate  48) 
of  the  same  side,  and  pass  by  way  of  the  resliforin  bodies 
to  the  tegmental  nncleiis  of  the  opposite  side  in  the  cere- 
belluin.  Below  the  origin  of  tbe  direct  cerebellar  tract  the 
lateral  pyramidal  tract  (Z^/)  appears  at  the  periphery  of 
tlie  cord.  The  anterior  iiyraiiiidal  tract  becomes  smaller 
and  BHialler  and  is  gwdually  iDSt  in  the  uj>per  |)ortion  of 
the  lumbar  ciii'd;  the' retiiainitig  columns  of  the  cord  are 
similarly  decreased  in  size,  having  given  off  a  portion  of 
their  fibers  at  higher  levels. 

Pig,  2. — Section  through  the  Upper  Poiiion  of  the  Lumbar 
Oord  at  the  l^erel  of  the  Second  Lumbar  Nerve. 

Fig.  3. — Section  through  the  Lower  Portion  of  the  Lwiibar 
(hrd  at  the  Lerd  of  the  fburth  Lumitar  Nerre.  The  anterior 
and  posterior  horns  appear  very  massive;  the  gray  matter 
ie  almost  in  excess  of  the  white  matter.  The  cell-groups 
in  the  anterior  horn,  like  their  honiolognes  in  the  cervical 
enlargement,  are  divided  into  a  mesial  k^^^P  (anterior 
and  posterior,  ga)  and  very  much  larger  anterior  (la)  and 
posterior  (ip)  lateral  groups,  c,  Intermediate  zone.  The 
periplieral  neunjns  for  the  muscles  of  the  leg  are  given 
oS  from  the  lateral  group.  The  posterior  roots  (r.p)  are 
collected  into  massive  bundles  and  enter  the  posterior 
root-zone.'';  their  collaterals  and  shorter  branches  (radii) 
arch  backward  into  the  pi)Hterior  horn.     Sg,  auhstjintia 

filatinosa  in  the  posterior  horn ;  U,  column  of  Burdach. 
or  remaining  letters  see  Plate  48. 
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PLATE  5fi. 

Fig.  1. — Section  through  tlie  Middle  Sacral  Portion  of  the 
Cord  at  the  lA-.vd  of  tht  Third  Sacrai  Nerve.  Tlie  termina- 
tion of  the  latenil  pyramidal  tract  (J^)  '»  »p^"  in  ^h"-' 
white  substance  i»f  the  kteral  column.  The  gmy  matter 
is  relatively  greati-st  at  this  level.  The  brotMl  anterior 
faom  (Qi)  cuntaiiis  the  motor  ganglion  cells  uF  the  per- 
ipherul  neuron  for  the  stiiail  muscles  of  the  feet,  and,  at 
a  somewhat  deeper  level,  those  for  tlie  anal  and  vesical 
muscles  and  for  the  tilwrs  which  8ub^e^^■e  tlie  it'Hex  and 
automatic  activity  of  these  organs.  B,  Column  of  Bur- 
dach;  Sg,  suhstantia  gelatinusa  of  the  posterior  honi. 

Fio.  2. — Section  tlmnigh  the  Cauda  Equina  and  the 
Coiius  MeduHarin.  Lying  within  the  dural  sac  are  the 
motor  and  sensory  roota  for  the  nerves  of  the  lower  ex- 
tremity, which  emerge  from  the  cord  at  a  higher  level  and 
continue  for  some  distance  within  the  vertehnil  canul;  the 
constituents  of  the  crural  nerve  (PI.  I)  m  the  lateral. 
those  of  the  sciatic  (PI.  s)  in  the  mesial,  portion.  The 
former,  after  their  exit  from  the  cord,  form  the  hunbar, 
the  latter  the  saend,  plexus.  In  the  center  of  the  figure 
we  see  the  conus  niedullaris  (C.  m),  which  forms  the 
tip  of  the  spinal  cord. 

Fig,  3.— SfdJOd  tltrnugh  the  Posterior  Root  and  Spin^ 
GatigHi>nfrom  the  Lumhdr  Portion  of  thr  Cord.  The  mixed 
nerve  (A'.p)  coming  from  the  periphery  divides  at  the  dis- 
tal btmndary  of  the  ganglion,  its  sensory  iwrtion  (r.a) 
entering  the  ganglion  and  terminating  in  its  cells.  Al- 
though the  magnification  is  low,  a  portion  of  the  darkly 
pigmented  cells  of  the  ganglion  can  be  made  out.  The 
fibers  from  these  cells  collect  into  a  bundle  and  form  the 
posterior  root  (r.p),  which  enters  the  spinal  cord,  espe- 
cially the  i)osterior  root-zone  in  the  posterior  column,  fa, 
AfTerent,  fe,  efferent,  fibers;  c,  cells  of  the  ganglion. 
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PLATE  51 

Flo.  1. — Tranitverse  Sectian  through  tlie  Entire  Sciatic  Nervt 
at  iUt  Point  iij  Exit  (Great  SciiUic  Fttraimn).  With  a  lower 
]iuwer  t!ie  nunierouB  bundlee  (/)  of  different  sizes  which 
make  up  the  nerve  are  plainly  aeen,  surrounded  by  the 
epineurium  (P).  The  blood-vessels  are  seen  among  the 
cells  in  the  perineural  connective  tissue. 

Pig.  2. — Longitudinal  Seclim  of  n  Nerrr  Bundle  from  the 
Sciatic  Nerre,      For  furtlier  description  see  Figure  3.* 

Fig.  3. — TVaJwrerse  Sectimi  of  a  j\mr  BnndU  from  the 
Sciatic  Nerve,  ^^'ith  a  higher  power  it  appears  that  the 
bundle  is  composed  of  meduUated  fibKre  (black)  of  vary- 
ing sizes.  In  the  various  nerve  bundles  numerous  very 
delicate  nerve-fibers  with  barely  peri«ptible  medulliiry 
aheaths  are  seen  scattered  without  any  apparent  order 
among  tho  fibers  of  the  largest  caliber.  The  ner\'e 
bundle  is  subdivided  into  separate  compartments  by  the 
endoneural  connective  tissue. 

Fig.  4. — Transverse  Section  of  a  Normal  Optic  Nerve  awl 
Sheaih  (low  power).  This  nerve  also  consists  of  numerous 
bundles  which  contain  the  minute  nerve-fibers.  The  oplic 
nerve  contains  more  than  400,000  individual  fibers. 
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PLATE  52. 
The  Gray  Matter  of  the  Spinal  Cord. 

The  two  pliolograplia  preaent  the  right  half  of  a  soction 
through  the  cervical  portion,  and  the  left  half  of  a  sciction 
through  the  luuiluir  portion  of  the  cord  under  high  power. 
For  the  lettering  see  Plati'  4«,  Fi^riire  1,  and  Plate  39, 
Figure  3. 

Note  especially  the  vast  niuuher  of  fibers  which  enter 
into  and  emer^  from  the  horns.  The  anterior  horn 
receives : 

1.  Fihera  from  thi;  anterior  commissure  (decussating 
fibere  from  the  anterior  pyramidal  tract  and  decussating 
central  sensory  fibers). 

2.  Fibers  from  the  Hnterolatera!  column  (tcrminaJ 
motor  fibers,  collaterals  from  the  lateral  pyramidal  tract, 
and  sensory  central  collaterals  from  the  anterolateral  tract). 

3.  Fibers  from  the  posterior  horn  (reflex  collaterals 
ajid  other  posterior  mot-libers)  which  pass  to  the  middle 
zone  and  to  the  anterior  horn. 

From  the  anterior  liorn  emerge  the  anterior  motor  ronto 
(rii),  which  arise  fn>ni  the  groups  of  motor  gnnglion  cells 
and  emerge  in  bundles  at  the  surface  of  the  aiittrnlateral 
column.  They  are  derived  principally  from  the  lateral 
cell  groups. 

The  posterior  horn  receives  from  the  posterior  column 
massive  arching  bundles  (r)  containing  the  collnterals  and 
all  the  short  tracts  of  the  posterior  roots  (r/»).  The  suh- 
stantia  gelatinoaa  (S,  i;),  situated  at  the  posterior  extremity 
of  the  posterior  horns,  is  cappe<l  by  the  boundary  zone  ol 
Lissiiner  (L),  consisting  of  delieate  posterior  root-fil)er8, 
and  immediatplv  in  front  of  LisHauer's  zones  we  ppr  the 
zorii)  spcingiowa  of  the  posterior  bonis.      (See  l'l:ite  2fi. ) 
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Process  of  Medullatlon  tn  the  Fetal  Brain.     ( Photographs. ) 

This  ptnte  bflongx  immediately'  atUT  Piale  l.i.     It  has,  he 
been  introtluoed  at  this  point  tor  the  soke  o[  greater  clearne^a. 

Fignres  1  tn  5  represent  set^tioos  throaeh  the  unitained  brain-stem 
of  an  eight  inoathR'  fetus.  Nearly  all  toe  fibers  which  in  the  [11117 
ronned  brain  are  medullated — that  is  tti  Bay,  white  when  nnstained— 
Appear  nooincdaUated  in  these  ««tiuna.  On  the  other  hand,  certain 
important  tracts,  which  are  evidently  quite  old  in  a  genetiu  tielise, 
cnn  be  readily  |)icked  out  even  with  the  nuked  eye  by  tlie  presence  of 
Ibe  nen*e  sheath,  their  glistening  wliit«  color  contrasting  with  thi' 
gray  of  the  remaining  l)rain-stem.  The  most  important  of  tlleae  patli- 
wayaare;  The  radiation  to  llie  red  nnoieus  In.  rl  (Fig.  1,  L),  the  anna 
lenticularis  (ei).  and  the  fillcl  (/>.  <i.  In  addition  ta  thesp,  the  {xis- 
terior  longitudinal  handle  (/),  the  brachin  ('11,  the  nasal  trigeminiu* 
root,  the  peripheml  cranial  nerrea,  tiieoptio tract  fir"),  the  posterior 
coinmissore  (rp),  are  mednllated.  The  pymmldul  tmct  has  not  yet 
become  mediillatMl. 

Pios.  I  AN'D  2.— ,*cfi'on  through  thf  Middli  and  Piulerior  tifymenla  of 
the  Optic  ThalamuH.  Note  the  crusta  (motor  pymniidal  tract,  etc.), 
which  has  not  yet  become  mnlnllated. 

Fio.  3. — Srrlio*  thraugh  tkr  Anterior  Corpora  Qundrigrminn. 

Flo.  4.— .SH^ran  through  the  Middle  o/the  Fonn. 

FlO.  5.—Sn-lioit  through  thr  Medulla  Oblmig-ita.  Bundles  ot  fibent 
which  eariy  bemme  niednllated  ascend  from  the  region  nf  the  fillet 
above  the  levaN  shonn  in  section  1,  and  after  joining  the  ansa  lenl;icn- 
laris  and  travendng  the  gliihus  pallidna  (prohably  without  iiitermp- 
ti<ni)i  enter  the  en-cnlled  tegmental  radiation  (the  cartient  niednllatm 
fiber  tract  ot  thf  wrehml  medulla,  sensor;!- pathway  ;!<ee  test,  Part  IV), 
to  end  in  the  cortex  of  the  posterior  ccntnil  convolution  and  of  the 
parietal  lobe. 

Fros.  6  AXD  l.—Seplioiut  through  thr  Orrrienl  narf  Thoraric  Poftiowi 
of  the  gpiaal  Cord  from  a  Ntw-lioni  Infant.  The  pyramidal  tmct  (  Fy), 
which  is  not  mednllattHl.  is  readily  distinguished  from  thr  fnlly  devel- 
oped dire<;t  cerebellar  tract  (t'fc).  (For  the  corresponding  segment  of 
the  spinal  cord  see  Plate  U,  Fig-  2— medullary  sheath  sloin. ) 


The  following  pathwiiys  and  their  relative  pusition  in 
both  halves  of  the  cord  are  indicated  in  the  transverse  sec- 
tions of  the  cerebral  heiuiisphere^,  cruri,  pone,  cerehellura, 
medulla  oblongata,  cervical  and  lumbar  enlargement. 

1.  Motor  Pathway. — Central  neuron  complex  (pyramidal 
tnict).  red;  peripheral,  blue.  Note  the  decussations  of  the 
central  pathways  {d  VII,  d  XII,  dp,  decussations  of  the 
faciiil  :uid  hypoglosHUB  tibera  and  of  the  pyramids). 

Alihnriittwits. — Pi/,  Pyramidal  tract;  Pya.  Pi/I,  anterior 
and  lateral  pyramidal  tracts, 

2.  -Sewnry.  PiUhway. — Peripheral  neuron,  brown;  central 
(tract  of  the  fillet),  green;  centrocortical,  yellow. 

Abbrfvint'tmn. — Cb,  Direct  cerebellar  tract;  Ci;  restiform 
body;  e  trap,  trai>ezoid  body;  LI.  /m,  lateral  iind  mesial 
fillet;  L,  superior  fillet;  c?,  subthalamic  body. 

3.  The  pathway  uniting  the  red  nucleus  (nucl.  ruber) 
with  the  cerebellum  (brachium,  h.  and  corpun  dentatum, 
cd)  iscolnrefl  brown. 

4.  The  cerebello- olivary  trai'ts  iirf  yellow.  The  real 
explains  itself. 


PLATE  5fl. 


Figures  1  and  2  show  the  manner  in  which  the  tegmen- 
tum and  crusta  are  formed  from  the  tracts  of  the  cerebral 
hemispheres. 

Figure  1  shows  the  hemisphere  in  frontal  section;  Fig- 
ure 2,  in  a  horizontal  section. 

The  left  side  of  Figure  1  shows  the  formation  of  the 
crusta,  the  right  side  that  of  the  tegmentum. 

Crusta:  Frontal  pontine  tract  (dotted  blue  line) ;  pyr- 
amidal tract  (red) ;  lemporo-ocdpital  pontine  tract  (blue). 

Tegmentum:  Tractor  the  fillet  (blue);  optic  thalamus 
— red  nucleus — (brown);  ansa  lenticularis  (green). 

The  sections  of  the  hemispherps  show  diagrammatic- 
ally:  The  short  and  long  association  tracts  (brown);  the 
fibers  of  the  corona  i-adiata  running  to  the  optic  thalamus 
— upper  and  lower  peduncles — (lirown). 

Figure  2  shows  in  addition  the  optio  radiation — occipi- 
tal cortex,  optic  centers,  optic  tracts  (yellow). 

Fig.  3. — Schema  of  the  Optic  Xen-e  and  the  Oculomotor 
Tract  with  tltdr  (hTinectlfma  {the  Fibersoflhe  Lt/t  Optic  Tract 
are  colored).  Oplic  iierve:  penpHeral  neuron  (brown),  in 
the  retina  (6,  bulbusj;  central  neuron  (green),  in  tiie  optio 
nerve  (n.  7/)  as  far  as  the  chiasm  {('h)  (decussation  of 
the  naeal  bundles),  thence  to  the  optic  tract  ((r.  o),  to  the 
lateral  geniculate  body  (cgl),  puhiniir  (7"^},  and  to  the 
anterior  corpus  quadrigeminuni  (cqn),  where  the  tract 
breaks  up  into  terminal  fibrils.  From  this  point  the  path- 
way follows  the  optic  radiation  (yellow,  green)  to  the 
cunens  in  the  occipital  lobe  (it  is  doubtful  whether  fibers 
paBB  directly  from  the  tracts  to  the  cortex )  (collaterala?). 

Oculomotiir :  Central  nevrmi  (reil ).  from  the  cortical  cen- 
ter (<;.,  angularis?),  containing  hot  ii  crossed  and  uncrossed 
fibers  to  the  nucleus  of  the  oculomotor  nerve  in  the  floor 
of  the  aqueduct. 

Peripheral  nmiroji.  (blue)  :  From  this  point  as  peripheral 
neuron  to  the  muscles  of  (he  eyeball  (filters  also  originate 
on  the  opposite  side  for  the  internal  reclun). 

Pupillary  reflex  arc;  Fillers  of  (he  uptic  nerve — corpora 
quadrigemina,  hypothetical  reflex  collateralsi  (dotted  yel- 
low line),  nucleus  of  oculomotor,  peripheral  nen-e  (blue). 
uphincter  pupillte  (the  ciliary  gnnglion  is  interposed). 


Fia.  1. — General  View  o}' the  Prujectioit  Pathi.  The  pro- 
jection put.hs  which  connect  deeper  portions  of  Ihr  brain 
with  the  cortex,  after  leaving  the  ceri'bral  cortex  unite  to 
form  tile  corona  radiata  and  enter  the  inlemiil  capsule. 
Thence  sonic  of  the  fibers  forming  the  coronu  radiata  enter 
the  optic  thalanuiB  (brown)  (anterior,  pfsterior.  Btiperior, 
interior  peduiiclee).  The  frontal  and  lemjiorul  pontine 
pathway,  whicli  reaches  the  cerebellum  through  the  middle 
cerebellar  peduncle  of  the  other  side,  is  colored  blue. 
The  pyramidal  tract  is  red.  the  sensory  tract  nf  the  fillet 
green,  the  cerebello-olivary  tract  violet,  the  optic  radiation 
yellow,  the  hrachia  brown. 

Fir.  2.  — Schemn  of  the  Pwitinn  of  the  Semiory  Ntrve  Tiacte. 
The  peripheral  sensory  neuron  in  hrf)wn,  the  centrocortical 
green.  The  arningenient  of  the  cells,  the  course  of  the 
fiberB,  their  maimer  of  termination,  the  collaterals,  redex 
arcs,  etc.,  are  n-adily  seen  in  the  figure. 

/,  Olfactory  pathway;  //,  visual  pathway;  Vl/I,  audi- 
tor>'  pathway;  1'  IX,  gustatory  pathway  or  pathway  of 
cutaneous  sensation. 
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PLATE  fV7. 
Schems  Showing  the  Course  of  the  Fibers  In  the  Spina)  Cord. 

1.  Motor  PATHttAV. 

(a)  drutral  uenron  (red);  Lawral  p.vramidsl  trscC  {Fi/.l)  and  aiite- 
-^-•i  pvTamidal  tract  (Pt/.a);  terminal  tlbrils  in  the  anurior  hoi-u  (ca). 

(6|'  Prripheml  neuron  (blnel:  Oil  in  anterior  Imrn.  atiteriDr  root 
(f.fl),  motnr  nprve  mii»o|p. 

II.  Sensory  Pathway. 

(a)  Peripheral  neuron  (brown):  sensory  nerve  (X.p),  spinal  gan- 
glion (Sp)  ,posteriorroot  lr.j»)of  the  spinal  cord.  In  the  posterior  root^ 
mne  of  the  posterior  ron]  each  fiber  divides  into  an  ascending  and  a 
de.icending  bmncb(Hhortnnd  lung  Hbers).  The  short  tracte  are  reflecled 
inW  the  posterior  horn  (cp)  oud  conrist  of :  ( 1 1  Reflex  collaterals  guiDg 
to  the  anterior  horn,  short  reflex  are,  long  refiei:  arc.  (A  green  neuron 
is  interposed. )  (3)  FJbent  running  to  the  cells  in  the  middle  xone  of 
the  gray  matter.  (3)  Fibers  running  to  the  eells  of  the  cotniuns  of 
Clarke  [c).  (41  Fibers  running  to  the  central,  and  especially  to  the 
mesial  rells  in  tlie  anterior  bora  (eommiwtnral  cells).  (5)  FiWrs  rnn- 
ning  to  cells  in  the  posterior  horn. 

The  long  traela  (Q|  first  enter  tlw  colnniaa  irf  Burdach  iB),  ftiid 
higher  up  the  colomiis  of  Goll  [Q),  and  poaa  to  the  funiculus  gmcilifl 
and  fnniculaectmeatnsio  the  niedalla  oblongata  (at  this  point  the 
fillet  begin.4). 

{b)  Central  nenron  (green):  Its  bejfinning  corresponds  to  the  cells 
named  under  'i  to  (I,  where  the  peripheral  neuron  ends, 

1.  From  the  cells  inetitioned  under  a  ( " Strangwllen  ")  arise  the 
flbel^of  the  anterotahral  gronnd  bundle  (/»/)  and  l/i(.)of  the  same 
Mdeigronnd  hundleottbeaulemlateralcolumnsi,  and  thowof  Gonem' 
tract  (G). 

2.  From  the  oells  under  3:  The  direct  cerebellar  tract  {Cbt  of  the 
HNue  side. 

3.  From  the  oells  nnder  4;  Fibers  which,  after  decussating  in  the 
anterior oommissiire,  a^ceixl  in  the  anterolateral  column  {fa)  of  the 
other  side, 

4.  From  the  cells  under  5;  Fibers  rnnning  to  the  lateral  ground 
tnindle<l(l  and  to  the  ventral  lield  of  the  posterior  colnmns.  (t:^ 
Ptale  26,  1.) 

The  figures  also  show  the  ntaiiiier  in  which  tlu-  collaterals  are  given 
oS  and  the  teraiiuatinn  of  the  ceini-al  »liort  tracts  of  tin-  anterolateral 
oolnmn  {which  soon  reenter  the  t^iiiy  ninltert  in  Ilie  internal  cells 
("Binneozellen"),  colored  green  (Golinl,  in  tlie  t>ot<ierior  horn.  Tlie 
decDSsation  which  takes  place  in  the  posterior  commimnre  is  not  per- 
fectly understood  as  yet  It  appeal's  that  tht:  posterior  roots  also 
contain  a  few  scattered  centrifugal  fibera  which  have  their  nenroo  cells 
in  the  anterior  bom,  bnt  their  existence  in  miui  baa  not  its  vet  been 
definitely  established. 
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IV. 


GENERAL   PATHOLOGIC  ANATOMY 


OF  THB 


NERVOUS  SYSTEM. 


ILLUSTRATED  BY  INDIVIDUAL  EXAMPLES. 


(Part  IV.  of  Text.) 


SPECIAL   PATHOLOGY    OF    THE    BRAIN 


(Part  V.  of  Text.) 


Secon(iary  Diseases  of  the  Nervous  System. 


PLATE  5R 

Fig.  1. — SrHion  throutjh  Oie  Cerrhnil  CwUt  and  Mniiugn 
■in  Epidemic  Cerebi'oaphml  ^fellitlgitil'.  Tlic  ]>i'i'|]]irittioii  in 
tak«D  from  a  Boldier  ageil  twenty-three,  who  was  suddenly 
taken  ill  with  general  febrile  tsyniptuiii^,  vomiting  Eind 
headaehe,  and  pain  and  rigidity  in  the  back  of  the  ueck. 
Continuous  fever  ruugiug  tibout  104"  F.;  herpes  labialis; 
the  diugnuBiB  was  confirmed  by  a  leukocytcwis  of  36,000. 
The  mental  condition  gradually  became  worse,  motor  irri- 
tative phenomena  (twitching  of  the  muscles  of  the  face 
and  of  the  arms,  eepecially  on  the  right  side)  and  deliriuin 
made  their  appearance.  The  patient  dit-d  after  six  days 
in  deep  coma,  with  marked  persistent  rigidity  of  tlie 
nuchal  and  dorsul  muscles. 

Autupitij. — Purulent  infiltrations  in  and  upon  the  soft 
membranes  of  the  brain  and  spinal  cord,  Cf^pecially  over 
the  convexity  of  the  hemispheres,  and  moat  marked  about 
the  middle  of  the  left  central  convolutions,  Tlie  pus  con- 
tained the  diploeoccus  lanceolatus.  The  purulent  infiltra- 
tion (colored  red)  dips  <iown  into  tjie  fissures  and  accom- 
panies the  pial  vessels  into  the  cortical  substance.  Tho 
effect  ot  the  inflannnatory  products  on  the  corticjil  cells  is 
to  throw  them  at  first  into  a  morbid  state  of  irritation  and 
later  to  abolish  their  activity. 

Fig.  2. — Oivbml  Otrlex  in  T-ilierrKlnr  MenintfitU.  In  a 
woman  thirty  years  old  in  an  atlvnnced  stage  of  ptdmo* 
nary  tuberciilosia  the  following  symptoms  appeared  twenty 
da^s  before  death:  Rise  in  the  fever-curve,  headaches,  de- 
lioum,  increjwiing  coma,  ptosis  of  the  eyelids,  dilatation 
of  the  pupil,  convulsions. 

Dia^iumt. — Miliary  tuberculosis. 

Aut&pgii. — Small  grayish-white  nodules  are  scattered 
over  the  soft  membranes.  The  base  is  covered  with  a 
gelatinous  exudate  conlaining  tubercles,  in  which  the 
oculomotor  nerve  is  embeddi'cl.  The  preparation  abowB 
one  of  these  miliary  tubercles  taken  from  the  Ixittom  of  a 
sulcus;  the  growth  of  the  luberdi'  Ims  gradually  en- 
croached on  the  cell-layer  of  the  coilcx.  These  solitary 
tubercles  are  apt  to  increase  in  siw,  espfciallv  in  children, 
until  they  form  large  tumors.  (Sec  Plate  "fi2.)  In  this 
case  we  have  a  disseminated  form  of  tuberculoaie. 


t 


yitl.i- 


PLATE  .-.n- 

Ftr.  l.^Aii  anmnjtni  (An)  Hitiiateil  iniinedialtly  mIkivp 
the  rorpora  qimdrigemina  haw  led  to  troftenine,  psitedally 
of  the  right  half  of  the  tegmentum  {T)  and  of  the  region 
about  the  corpora  quadrigemina.  The  patient,  a  man  of 
fifty-three,  presented  the  followiug  syniptoins:  Headache, 
attacks  of  vertigo,  pareeis  of  the  left  ami  and  leg,  marked 
hemianesthesia  of  the  ennie  side,  parnlyeis  of  the  mueclea 
of  the  right  eye  (ptosis,  paralysis  of  the  sphincter  pupillff, 
superior  rectus,  etc. ). 

Abhreclalions. — AS,  Aqueduct  of  Sylvius;  .V  ///,  oculo- 
motor nerve;  al,  bnsal  artery. 

Fig.  2. — Carien  of  a  Verlehra.  The  spwinjeii  n-us  taken 
from  a  woman  forty-five  years  of  age  who  was  taken  ill 
with  pains  in  the  back  and  ribs,  accompanied  with  in- 
creasing weaknes.1  in  the  legs.  At  the  end  of  three  months 
she  was  barely  able  to  stand,  and  slight  disturbances  o!  the 
vesieal  function  and  of  sensibility  made  tlieir  appearance. 
Tendon  reflexes  increased;  irregular  fever;  noiliing  abnor- 
mal in  the  vertebral  column.  Eventually  paralysis  of  the 
legs  resulted,  and  contractures  appeared.  The  appearance  of 
a  cold  abscess  in  the  thorax  gave  the  diagnosia :  Compres- 
sion of  the  spinal  cord  by  caries  of  the  vertebral  column. 

Antopmj. — Carious  focus  in  the  eighth  tiioni(;ic  vertebra 
( C);  exuberant  granulations  and  masses  of  caseous  njate- 
rial  completely  filled  the  vertebral  canal  and  coiiipi 
the  spinal  cord  and  emerging  roots  (r).  c,  Body  of  ^ 
tebra;  pr.  «p,  spinfiiis  process;  d.  Jura  mater. 

Fio.  3. — A  tnvuir  (_T)  which  developed  ou  the  inner  sur- 
face of  the  dura  (rf)  in  the  vertebral  canal  in  a  woman 
tliirty-oighl  years  of  age,  and  gave  rise  to  severe  pains, 
referred  especially  to  both  legs,  in  the  course  of  three 
months  led  to  compk'te  spastic  paralysis  of  the  legs,  com- 
plete anesthesia  in  those  members  (the  only  trace  of  sensa- 
tion was  that  contact  with  cold  watergave  tlie  sensation  of 
heat),  incontinence  of  urine,  etc.  Death  from  rystitis  anil 
pyelitis. 

Diut/twsis. — Conipriy:<ioii  of  the  spinal  cord  (carci- 
noma?). The  tumor  proved  to  be  a  sarcoma  which  filled 
the  vertebral  canal  at  a  level  corresponding  to  the  interval 
between  the  second  and  sixth  thoracic  vertehne. 

AbbreviatioM. — r,  Body  of  vprtcl)r!i;  r,  pfmtfriur  roots; 
d,  dura  mater;  pntp,  spinous  process. 


PLATE  BO. 

Fio.  1. — Brain  Abeces«.  A  woman  of  fifty-six  who  for 
yfare  had  complained  of  pereiBtent,  dulJ  heiidaolie  and 
attacks  of  vomitiiifj,  developed  gradually  increamng  fever 
and  fell  intij  a  typhoid  slate,  with  marked  rigidity  of  the 
neck,  trismus,  opisthotonos,  vomiting,  and  violent  head- 
ache. The  patient's  conversation  was  confused;  she  could 
not  find  the  right  name  fur  ordinary  objects  with  the  use  of 
which  she  was  perfectly  well  acquainted,  such  aa  fork, 
candle,  etc.  (optic  aphasia). 

At  the  autopsy  an  aliscess  was  found  in  the  left  occip- 
ital lobe,  the  white  mailer  of  which  had  Ijeeii  largely 
destroyed. 

The  specimen  shows  a  liorizontal  section  through  the 
occipital  lobe.  iVc,  Prccimeus;  c,  cuneus;  os,  superior 
occipital  convolution;  Pc,  inferior  parietal  convolution 
(pli  courbfi). 

Fio.  2. — Tuberck  in  the  Pons.  Male,  aged  fifty.  Com- 
plaine<i  of  headache  and  vertigo  for  the  past  year.  During 
the  last  six  weeks  there  occurred  attacks  of  vertigo,  stag- 
gering gait  (cerebellar  ataxia),  vomiting,  pain,  rigidity  in 
the  neck.  Right  side,  paresis  of  the  muscles  of  the  face,  arm, 
and  leg;  left  side,  paralysis  of  the  trigeminus  and  facial 
(facial  anesthesia)  (hemiplegia  alternans).  Inability  to 
rotate  the  eyes  first  to  the  left,  and  later  also  to  the  right; 
diplopia,  Later,  paralysis  of  the  inuscles  of  the  pharynx 
and  of  nie  vocal  cords;  cachexia;  death  after  eight  weeks. 
No  other  signs  of  tuberculosis. 

Diagnom.  — Tumor  of  the  base  of  the  brain  in  the  region 
of  the  pons. 

Specimen. — Large  tuberculous  tumor  (T)  in  the  left 
half  of  the  pons;  above  it,  in  the  tegmental  region  (tg),  a 
purulent  focus;  the  fourth  ventricle  has  been  pushed  up- 
ward; the  nieiliiin  riiphe  (H)  has  been  dispJaci'd  to  the 
right.  Destrui'tion  of  the  middle  peduncle  of  the  cere- 
bellum {Prp).  'i(  the  pyramidart.raet  (Py),  of  the  trigem- 
inus, and  of  the  region  of  its  nucleus  and  nt  the  nucleus 
of  the  facial  nerve.    (Consult  Plates  38  and  39  for  letters.) 
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PLATE  «1. 

Fig.  1. — Chronic  Hydrocephalus.  Section  through  the 
middle  of  the  bruin  of  an  idiot  eighteen  years  old,  the 
Bubject  of  congenital  liydroceplialus.  The  lateral  ven- 
tricle (ventr.  lat),  the  descending  hom  (I'.m/),  and  the 
third  ventricle  (cm)  are  very  much  dilated.  Flattening 
of  the  cortical  convolutions;  marked  reduction  in  the  thi<.^k- 
ness  of  the  corpus  cullosuiii  {cc),  o(  the  radiation  of  the 
corpus  callosum,  and  <»f  the  association  fibt-rs,  the  projec- 
tion fibers  being  comparatively  best  preserveil.  (Consult 
Plate  38,  Fig.  2,  for  letters. ) 

Fig.  2. — Acuie  Hemurrhaijic  EncephalilU.  Section  Ui rough 
the  left  occipital  lolw  of  a  woman  sixty-six  years  of 
ago.  The  patient  was  seized  with  fever  and  vomiting 
and  presented  nicningitit!  symptoms.  The  most  marked 
symptom  was  a  constant  right-aided  hemianoiieia;  the 
patient  wa«  unable  to  see  any  object  on  her  right  side 
until  it  was  carried  beyond  the  middle  of  tbe  visual  field  to 
the  left  side.  Death  0(vurred  at  the  end  of  thirteen  days 
after  increasing  coma,  rigidity  of  the  neck,  and  delirium, 

A^itojmi. — Softening  of  the  basal  portion  of  the  tem- 
poral lobe,  of  tbe  medial  and  basal  cortii'al  convolutions 
of  the  left  occipital  lolie,  with  numerous  pinhead-sized 
hemorrhages. 

The  specimen  sbowe  hemorrhagic  encephalitis  with  soft- 
eniiig  of  tbe  cuneus  irun).  of  the  lingula  (ling)  and  its 
white  matter,  and  of  the  optic  radiation,  g.anq.  Gyrus 
angularis;  Prxc,  precuneus;  /r,  calcarine  fossa. 


PLATE  62, 

Fig.  1. — Siibcurtiual  VerfbraJ.  Focus  itflcr  Hawrrhagt. 
Secondartf  Deffeneruihn.  A  woman  forty -two  years  of  age 
had  ail  apoplectic  attack  which  left  the  following  residua: 
Total  motor  aphasia,  total  right-side*!  hemiplegia  of  the 
face,  arm,  and  leg,  slight  hemianesthesia. 

Autopfy. — Extensive  deetructioii  of  the  white  niatler 
under  the  central  convolutiona  by  an  old  hemorrhiigc. 

Sjiecimen. — The  focus  (/)  includes  the  white  mattiT  of 
the  posterior  centnd  convolution  (fp),  the  lateral  jiortion 
of  the  centrum  Peniiovale,  and  the  upper  portion  of  the 
intiTnal  capsule  (ei).  From  the  focus  the  secondary  de- 
generation hap  spreiul  to  the  corpus  callosuni  (cc),  to  the 
internal  capsule  (a),  »nd  to  the  lateral  nucleus  of  the  optic 
thalamus  ( Th").  At  the  surface  of  the  pes  {]M:d)  the  seat 
of  the  degenerated  pyraiiiidiil  tract  is  represented  by  two 
bright  spots  separated  by  the  Iranaverse  fillers  of  the  ansa 
Ittnticularis.     (See  Plate  31  for  further  exphinations. ) 

Fig.  2. — Enibolir  Sofirning.  Setmiiliiri/  Degeniration. 
Section  through  the  occipiloparietal  lobe  of  a  man  forty- 
flve  vears  of  api'.  The  ]mti''nt  sufTen'd  from  mitral  stenosio 
and  had  had  severnl  apopUntic  allarks  due  to  embolism. 
One  of  these  attacks  left  him  with  a  pronounced  right- 
sided  homonymous  hemianopsia. 

Autopmi. — Numerous  cyst*  due  to  emboli  and  scars  wen- 
found  all  liver  the  brain. 

Sfy^TtmpH.— .Softening  of  the  cunens  (cun)  and  of  the 
liugula  (/inj)  and  its  white  matter.  Secondary  degene- 
ration of  the  inferior  longitudinal  bundle  and  Gratiolet's 
optic  radiation  (o).     (Compare  Plate  33,  Fig.  1.) 
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PLATE  fil. 
Diseases  of  the  Muscle- fibers. 

Fig.  1. — Transvenw  Bectioii  of  a  tiitrniiil  muscle  com- 
posed of  bundles  of  e^ual  size,  presenting  »  polygonal 
shape  in  transverse  sHlioii  and  containing  a  few  cells. 

Figs.  2  and  3, — Trangverat  and  Longitudinal  Sections  of 
Muscle  in.  Spinal  Muscular  Atrophy  {Birepij.  There  is  a 
marked  variation  in  tho  thickness  of  the  individual  fibei-s; 
some  of  them  have  disappeared  entirely,  others  are  much 
reduced  in  size  Ip).  The  muscle  nuclei  areuinch  increased 
and  form  the so-t;ailed  "  lines  or  rwseg of  nuclei"  ("  Kern- 
zeiien  ").  The  transverse  striation  of  the  protoplasm  is 
lost  in  Ihe  tiegenerated  tibrils;  the  protoplasm  itself  has 
undergone  degeneration,  n.  Normal  fibrils  ;  h,  hyper- 
trophic fibrils. 

FlQ.  4. — JurdtiU  Musrular  Atrophy  {Dyntmpkia  Miucu- 
laris  Pruffrimhu)  {Quu(!ricep«  Exteiuior).  Whole  buiidliw 
of  muscle-fibers  are  destroyed,  the  nuclei  are  increused  in 
number,  and  many  fibers  are  hypertrophic.  Transverse 
striation  is  preserved  for  some  tinit;  in  spite  of  the  jitrophy 
of  the  fibers.  The  intervals  between  the  remaining  mus- 
cular fibi'i-s  arc  frequently  filled  with  fat  (jHin^lohypcr- 
trophy),  W  A  so-called  "hypertrophic"  musclr- fillers;  n, 
normal  fibers. 

Fifi.  S. — NniTotir  Mimciilar  Alrtiphy  (opprmnw  pollltni). 
The  section  shows  marked  diminution  in  the  size  of  the 
fibrils  and  increase  in  the  number  of  nuclei.  The  trans- 
verse striation  persists  for  some  time. 

Fia.  6. — Vnstaintd  Musde-jUifr».  (a)  Degenerative  mus- 
cular atrophv  (qnailriceps  extensor  from  a  case  of  lumbar 
myelitis).  The  mwM'-  is  ;;riimiiar  and  cloudy,  the  fibrils 
are  broken  up,  iln'  ii.in-^vri-r  «iiJ:Uiou  has  disappeared, 
and  the  f^Wrn  iuv  ivilmv.l  in  ilii'kru-ss,  but  not  uniformly. 
Eventually  the  difiiiii'^i^anl  ]iii)ti>]ilasni  is  absorbed  and 
nothing  but  the  empty  tiilfc  of  sarcijlemma  remains,  (i) 
Neurotic  muscular  atrophy,  slight  diminution  in  the  thick- 
ness of  the  fibers  with  "lineti  of  nuclei"  and  well-marked 
transverse  striation  (see  above). 


FiQ.  1. — Section  Ikruitgh  Ike  Anterior  Corpora  Quadruie- 
mina.  The  left  tegmental  regiou  (/)  is  completely  de- 
stroyed ;  the  left  corpus  quadrigeminum  (cqa)  is  atrophied. 
The  region  about  the  nucleus  of  the  left  oculomotor  (iV. 
///),  underneath  the  aqueduct  of  Sylvius  {A.  S),  is  like- 
wise destroyed.  Complete  absence  of  tlie  constituents  of 
the  tegmentum,  red  nucleus  (n.  r),  superior  and  inferior 
lillet  {L),  substantia  reticularis,  etc.;  the  entire  left  half 
of  the  cruBta  (ped  i)  is  atnj|ihied.  Chnical  H3'miitoms  as 
in  Plate  65,  Figure  2:  Hemiplegia  altemans. 

Fia.  2.—Seclvm  through  the  MedutUt  Oblongata  of  a  Young 
Girl,  the  Subject  of  Hereditary  Tubercuhaiii.  The  patient  was 
taken  ill  quite  suddenly  with  headache,  vomiting,  and  in- 
creasing weakness  of  the  right  leg,  anil  later  of  the  right 
arm.  This  was  soon  followed  by  paraljein  of  the  left  facial 
and  hypoglossus  (hemiplegia  aitcrnansj,  anil  paralysis  of 
the  muacles  of  the  pharynx.  Sudden  death.  At  the  au- 
topsy a  tumor  was  found  in  the  pons  which  had  spread 
far  into  the  medulla  (Tub)  and  destroyed  the  pyramids 
(Py)  and  the  facial  and  hypoglossus  (XII)  nerves  at  their 
points  of  exit.  The  tumor  proved  to  be  a  solitary  tubercle 
containing  large  numbers  of  giant  cells. 

Fio.  3. — So  far  we  have  considered  Jocal  diseases  of  the 
brain.  The  specimen  before  us  shows  a  system  disease 
— namely,  chronic  jrrogresnre  ophtkahmiplegia.  The  cells  of 
the  oculomotor  nucleus  (A'.  ///)  are  the  seat  of  a  primarj' 
degeneration,  and  the  fibers  of  the  oculoniotjjr  ncn-e 
(N.  Ill),  which  normally  fomi  a  massive  bundle  at  their 
point  of  exit  on  the  surface  of  the  brain,  have  also  dis- 
appeared. (Compare  the  corresponding  normal  section, 
Plate  40,  Fig.  2. ) 

The  disease  occurred  in  a  woman  suffering  from  tabes 
dorsalis.  Paralysis  of  all  the  ocular  muscles  had  gradu- 
idly  developed,  c  p.  Posterior  commissnre;  S.  n,  sub- 
stantia nigra;  n.  r,  red  nucleus;  Ped,  crusta;  /,,  Bilet. 
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PLATE  r.T. 
Secondary  Degenerations  of  the  Crusta. 

Figures  1  cuid  2  ptvM.'nl  transverse  seutiona  llirougli  thi>  luitvrior  cor- 
pora quadrigemina  aud  the  porta  iaimeiliatcly  belo^^  these  stnictum. 
Tliere  is  oonipIeU'  alropli;  uf  the  libera  in  the  right  hall  «f  the  cnuitii 
(i).  The  specimeas  were  lakuii  from  (i  eaae  with  txteiisive  primary 
destruction  of  the  cerehral  curtfjc.  Ah  tlie  flbers  in  Ihe  crnsta  have 
their  nenron  cells  in  the  cortex,  ihey  neoiTssarily  nnd?t^  a  itrcondary 
descending  de^neration  it  these  cells  ore  destroyed. 

The  tract  of  the  tlllet  (L)  ou  the  riglitside  ia  nnrruwer  tliaii  on  the 
left,  bat  the  dcfEen>;rstion  is  not  ooniplete  (simple  nunde^tierative 
atrophy ).  The  neuron  cells  of  the  libers  in  the  fillet  are  not  situated 
in  the  cortex,  hut,  in  part  at  leoHt,  in  the  funiciilns  gracilis  and 
cuneatua,  while  others  are  probably  to  be  sought  in  the  subtltalaniie 
r^on  and  in  (he  optic  tbalanios.  (The  clinical  symptom  in  this  case 
was  a  totnl  left-sided  hemiplegia.)  The  red  nucleus  (nr)  is  ulm 
atrophic.     The  anterior  and  posterior  braohia  have  disappeared. 

Abbrnrialioii».  —  tT.o,  Optic  tract;  S.n,  substantia  nigra;  L,  fillet; 
c.  q.  a,  anterior  cnrpns  qnadrigeminum ;  iVrf,  croala. 

FlO.  3. — Sertion  Ihrovgh  Ihe  Anterior  Cbrjiorn  Qtnldrigfmifut  in  TWn/ 
Sremtdars  Atrophy  af  Ihr  Memat  Fibfm  o/  the  OiMfo  {Fronlal  Plmlint 
TVocf)  li).  This  pBTtialdegenerationot  thecni*<ta(/^)  was aecomlary 
to  an  embolic  softening  fucos  which  hod  destroyed  the  anterior  limh 
of  the  capsule  and  the  lenticular  nucleus.  There  were  no  clinical 
symptoniH. 

Abhreriatiiiiui. — A. .%  Aqueduct  of  f^lvins;  cg.m,  mesial  genicnhite 
body:  e.  ff,  lateral  genicnlate  body;  e,  piueol  gland;  /,,  fillet:  r.q.a, 
anterior  cnrpotA  qtimlrigemina;  nr,  red  nucleus;  A'  ///,  ocnloniotor. 

These  and  the  following  examples  of  secondary  degenetatious  in  the 
brain  and  spinal  cord  are  jiarticularly  important  from  u  neurological 
point  of  view-.  lM«inRc  they  enable  ns  to  follow  the  course  of  the 
various  pathways  almost  as  accurately  as  conld  be  done  in  actual  ex- 
perimental work.  They  reprovntiu  man  the  experimental  work  done 
OD  auimuK  It  i*  tor  this  reason  that  we  have  described  them  here  at 
some  teuKth.  They  are  well  adapted  to  iUnstmte  once  more  the  text 
in  Part  III. 


Secondary  Degenerations  of  the  Crusta. 

PlD.  l.—lieelinH  tliroiigh  Ih,  Third  rctitiicle  [Middk  OinHniiwiire). 
Beaeath  theoplic  thalamus  [Th),  vihirh  had  betn  cut  anny,  arc  Uie 
coDBtituents  of  tln'  »iubthn1atnic  regiuii,  tlie  subthalamic  body  {c.  L\ 
irhilE  matter  of  the  nncleus  (i)  and,  undernenth,  the  internal  capsnlr 
(ri,  posterior  linih),  nbove  the  point  where  it  becomes  the  pe*.  Oa  the 
Ti);bt  Hiilc  the  middle  portion  {x\  ot  the  inlenial  cnptrale  is  degenerated 
in  conseqoencc  of  a  lesion  (hemorrhage)  nhii^h  haa  destroyed  the  an- 
tral oonvolutinns. 

The  drgenerated  arefui  correspond  to  a  portion  of  the  pyramidal 
tnct.     (™,  Optic  tract;  em.  middle  commissure;  /,  fomii;  r  11!,  third 

Fm.  2. — Srdion  through  Ihr  Anltrior  Corporn  QvadHgemma,  fro»  (Ae 
Mme  Que,  The  flgnre  shows  the  pnaition  of  the  degenerated  pyismidal 
tract  IPs)  in  the  middle  of  the  crusta  (Fed).  A  large  portion  of  the 
traot,  however,  which  in  ihLs  cnse  is  not  totall;  degeneiated,  occupies 
alai)cer  lUTosituatol  laterally  from  the  diaeasE^  portion.   ISee  Fig.  3.) 

Clinically  there  was  a  left-sided  hemiparesis  of  the  face,  artn,  and 
leg,  A.S,  Aqtieduet;  L.  fillet;  cgm,  lateral  geniculate  body:  e^,  an- 
terior corpna  quadrigeminiim ;  ///.  oculomotor:  nr,  red  nneleus;  Sn, 
tuibetantia  nigrv. 

Fio.  3.— In  this  ease,  which  belongs  to  Plate  62,  Figure  1,  there  ia 
II  i>urr  degnuralion  of  ihr  pj/ratnidal  Iraii  IpV  To  its  lateral  side  we 
Her  the  oval  bundle  of  TUrck  (o)  in  the  omsta;  m.  the  mesial  pontine 
tract;  T,  optic  tbalamiin;  Jt.  red  nnoleun;  L.  superior  fillet;  i;.  lateral 
licniculiite  body. 

I  tniiig  Cii  Ihe  Het^iiiKlui'y  slirinking  uliich  always  takes  place,  tliMC 
fiuas  ot  tlefcfneiation  cUi  nut  reprenent  accurately  the  entire  extent  of 
the  (Itinerated  tinndle. 


Secondary  Deseneratlons  of  the  Pons. 

Fig.  1,^ — Section  ihrouyh  the  Anl^ior  Half  of  the  Pons. 
The  section  belongs  to  the  case  shown  on  Plate  67,  Figures 
1  and  2.  On  the  left  side  the  peduncular  fibers  tollected 
in  numerous  bundles  are  seen  traversing  (be  transverse 
pontine  fibers  (/*).  On  the  right-hand  side  (/J  these  fibers, 
aswellas  the  pontine  ganglia,  are  completely  wanting;  hence 
the  enonnoiia  diminution  in  the  width  nC  the  right  >s'ititi  of 
the  pons.  We  learn  from  this  section  that  Ihe  secondary 
degeneration  does  not  confine  itself  to  the  fibers  connecting 
two  ganglion  systems  directly  continuous  with  one  an- 
other by  their  neurons,  but  extends  also  to  their  cells. 
The  fillet  (i*,  i)  is  atrophic. 

Abbreviatiorui. — B,  Bracbium;  r.  IV,  aqueduct ofSylvius; 
/,  posterior  longitudinal  bundle. 

Pig.  2, — Sfction  through  thf  Middle  of  Ifie  Pons,  with  Exten- 
sive Secondnj-j/  Degenerations  in  the  Tegmental  Rrgion.  The 
Bpecinien  belongs  to  the  case  shown  on  Plate  65,  Figure  2. 
(The  photograph  is  inverted  so  that  the  left,  diseased  half 
is  shown  on  the  right  side.)  The  degeneration  includes 
the  two  bracbia  {B)  (in  part  on  the  right  side  at  e);  the 
neuron  cells  ai-e  in  the  red  nucleus,  which  has  l»een  de- 
Btroye<l.  The  central  tract  of  the  fillet  (c.  ()  in  the  right 
half  of  the  tegmentum,  the  entire  superior  fillet  (i/)  (neu- 
ron cells  in  the  destroyed  subthalamic  region  and  in  the 
optic  thalamus?),  the  right  pyramidal  tract  (Pi/)  and  other 
tracts,  the  subslantia  reticularis,  and  other  structures. 
Vm,  Motor,  Ks,  sensory,  nucleus  of  the  trigeminus;  be- 
tween the  two  the  descending  root  ( IV) ;  /,  posterior  lon- 
gitudinal bundle;  c,  superior  vermiform  process;  P,  pon- 
tine ganglia;    Cn,  nasal  root  of  the  trigeminus. 


PLATE  70- 
Sccondary  OcKeneratloos  In  Uk  Medulla  Oblongata 

Fto.  1.— ^JHfioa  lArough  (Ar  Unltaia  OUongala  Moir  the  I'On*.  The 
t-Dtire  left  pyramidal  tract  i,z)  haH  und^i^V"''  sccoDilan'  de^Deration. 
onlag  to  primuTT  d«nTucti<Hi  of  the  postrrior  tiiub  of  the  int«rnal  cap- 
snle  by  bemoniuige  I r^dil-oided  bemipl(;)!ial;  Ihe  Qllet  l/.l  i?  reilm^ 

N'olv  in  tbb  sectioa  the  emirae  of  thestrbe  aeuMtca^  (rfrn)  on  the  left 
side,  tram  the  cnttnil  nncleiuiof  the  anditorj'tiene  over  the  floor  of  the 
(oarth  Tentricleto  the  mptie,  where  tbcy  undergo  decnxiation  and  paw 
to  the  fiUet.  <'b.  rrKtifonu  body;  AT//,  nnclenti  of  facial  nerve;  f! r. 
iiuclens of  vufcu.":  Fg.  p,\tsmid>l  tract. 

Flo.  -J.—iffiulIii  IJKoagttta  I'a  tnfaiUilr  rrrrhrnl  Parnlgnr.  The 
BpH-imen  wan  taken  fmiu  a  man  thirty  year?  of  a^,  who  troni  hie 
earliest  infancy  iMingenilnl?  ocquirnl'^)  iirnvtiinl  ihe  nuirk.<  of  ar- 
ratlMl  development  in  Ihe  entire  riKhl  half  of  the  body.  The  ri^htsrm 
was  paretic,  and  (here  was  a  modemlc  cini  tract  ui¥  of  the  Bexur  muscles. 
There  was  ai^a  iveaknesH  of  the  rif[hl  leg.  Epilejitiform  BtUuts. 
AlhetoHia. 
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Autopsy. — The  left  centnl  oonvolntions  were  rudimentary  (ngene- 
ii»?).  The  entire  left  pyramid  [x\  wan  alropliicd,  as  was  the  left  tillet 
Is),  although  there  wu»  no  trne  degcnpralion,  eridcntly  becaD^e  the 
diHeaHe  niaile  itK  appcnrance  at  a  time  when  medullarixation  had  not 
yet  Ix-guii.  The  raphe  (tl  is  displaced  \a  the  left;  the  rijiht  p.i-iamid 
is  almoHt  liyperlrophic  itopicol  couipen.ialioo).  cr,  Hestifomi  body; 
ol,  inferior  olive;  XII.  iiuclenBof  hypogloeanB. 

Fio,  X—MidHlla  miongala  in  Atrophy  of  t)u  HHrf.— The  riglit  fillet 
(i.  ij  and  the  internal  arcuate  fibers  (/of,  y)  of  the  trabstantia  retion- 
laris  (*.  r)  of  the  IrpKide  (I)  show  a  dewvnding  defceneratinn.  Thcfla 
arcuute  fibera  ourrespond  to  the  direct  ciimmiiiii cation  with  the  fillet 
of  the  opposite  Ride,  which,  with  the  fuuieiilii.''  gracilis  and  funioulns 
unneatus  In-  I7>,  appear  in  the  rextiform  body  (Or).  The  pyramid 
(TV.  i)  and  the  olives  (irf)  of  the  mine  side  are  alMidcgenemted. 

The  chief  clinical  Rvmptom  waa  hemianesCheaia  of  the  left  lialf  of 
the  body.     (See  Plate  U6,  Fig,  3,  U>  which  ttab  epeoimen  belongs.) 
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The  s]ii'i>iiiivns  Mouf:.  to  tin-  ciise  illiijitrntwl  on  I'lale  70, 
Figure  1,  whiTe  the  left  pyriiniid  ehowe  secondary  degener- 
ation tliroutjlimil.  This  degeneration  can  be  traced  in  the 
spinal  cord  through  the  entirt;  roiiree  of  this  tract— that  iB 
to  say,  below  the  decussation  of  the  pyramids  in  the  lat- 
eral column  of  the  opposite  (right)  aide  (crossed  libera), 
and  in  the  anterior  column  of  the  same  side  (uncrossed 
fibers). 

In  the  cervical  and  thoracic  portions  of  the  cord  the  lat- 
eral pyramidal  tract  (Pi/)  is  boimded  on  the  out^r  side  by 
the  direct  cerebellar  tract,  which  is  still  preserved.  In  the 
lumbar  portion  of  the  cord  the  cross-section  is  wedge- 
shaped  and  extends  to  the  periphery.  Tlie  degeneration 
of  the  anterior  jiyramidal  tract  (i)  can  be  traced  into  the 
lower  thoracic  i>o'rtion  of  the  cord.  In  the  right  anterior 
Lorn  the  destruction  can  be  seen  with  the  microscope.  The 
degeneration,  therefore,  involves  the  central  motor  neuron 
complex,  the  entire  pyramidal  tract,  so  that  the  entire 
right  side  of  the  spinal  cord  is  considerably  diminished  in 
size. 

Fio.  \.—<.hi'ical  Porthn  {Sirth  Cervkal  Nerve). 

Fig.  2.— TAorocic  Portion  (  Third  Dorgat  Nerrf). 

Pig.  S. — Lumbar  Portion  {Second  Luvthar  Nerve). 

Fig.  4. — Sacral  Portion. 
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Ascending  Dejceneration  of  the  Spinal  Cord. 

A  soldier  twenty-two  years  of  age  fell  and  enished  the 
lower  thoracic  portion  of  the  vertebral  column  inid  suffered 
a  contusion  of  the  lumbar  cord.  Complete  flaccid  paral- 
yeis  of  tlie  legs  ensued,  anil  was  followed  bv  a  rapidly  de- 
velojjing  degenerative  muscular  atrophy.  Disturbance  of 
sensation,  bladder,  and  rectum,  and  loss  of  patellar  reflex. 
The  patient  died  two  months  later  of  cystitis. 

Fig.  1. — Upper  Cbntusfd  Pvrtioit  of  the  Lumbar  Cord. 

Fig.  2. — MiddU  Thornrk  Portion.  There  is  a  secondary 
ascending  degeneration  of  the  columns  of  GoU  (/G)  (neu- 
ron cells  in  the  spinal  ganglia). 

Fig.  3. — Lower  Qrvical  Oord.  The  degenerated  columns 
of  Gol!  (/G)  present  a  distinct,  wedge-shaped  outline. 
They  occupy  a  much  smaller  area  than  in  deeper  sections. 

In  addition  we  note  an  ascending  degeneration  of  the 
left  direct  cerebellar  tract  (C6)  and  of  Gowers'  tract(fi) 
on  the  left  aide.  It  is  readily  seen  in  Figure  1  that  the 
gray  matter  and  the  columns  of  Clarke,  where  the  neuron 
cells  of  these  tracts  are  situated,  have  suffered  a  much 
greater  destruction  on  the  left  than  on  the  right  side. 

The  columns  of  Goll.  therefiire,  contain  the  long  sensory 
pathways  from  the  lower  cxtreniitieH.  ami  are  joined  higher 
up  by  the  long  sensory  pathways  from  the  trunk  and 
upper  extremities  (colunm  of  Burdach). 

Abhrerifttioim. — C«,  Anterior  horn; /i,  anterior  column; 
fi,  lateral  column;  _/)*,  puaterior  column;  Sit,  anterior 
sulcus. 
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Fk:.  I. — Ascciidiiifi  SefoiuUini  Deyeiienixioii  in  the  I'l-yrr 
Vertical  Portion  m  Primary  Acute  Myelitis  sittiatcd  about  Hie 
Middle  of  the  Thoracic  CWd.  As  a  result  of  the  interruj}- 
tion  of  the  fibers  which  tukes  place  in  the  thoracic  cord 
the  following  regions,  containing  long  pathways,  ate  de- 
generat^l:  Column  of  Goll  (f.G),  dir«l  cerebellar  tract 
(Cb),  Gowns'  tract  {_('),  and  the  marginal  zone  of  the  an- 
terior column. 

Fro.  2. — Sfdion  Ihrouyh  the  Decamilion  of  the  Pyramids. 
Ascending  degenenition  in  chronic  (Bvphilitic?)  myelitis 
situated  in  the  thoracic  cord.  The  columns  of  GoU  (f.G). 
the  direct  cerebellar  tract  (Cb),  and  Gowers'  tract  (G)  are 
degenerated. 

Fig.  3. — Section  thi-miyh  the  MednUa  Oblongata  at  the  Ijevrl 
of  the  Inferior  PiAeoflhe  Olive.  The  preparalion  belongs  to 
the  case  illnstrated  on  Plate  73,  and  represents  a  section 
immediately  below  that  shown  in  Figure  3, 

We  note  ascending  degeneration  of  the  columns  of  Goll 
(/.  (?)  in  which  the  funiculi  graciles  (nuclei  of  GoU,  n  G) 
have  made  their  appearance.  The  degeneration  has  not 
extended  to  the  contiguous  fibers  of  the  fillet  (internal 
arcuate  fibers,  fni),  which  therefore  reprewent  a  new,  inde- 
pendent neuron.  In  the  direct  ceri'liellar  tract  (Cb)  the 
degeneriition  is  evidently  also  confined  to  the  left  side. 
Owing  to  the  obliquity  of  the  plane  of  section  the  right 
olive  only  is  included. 

Ahbreeialiong. — Z,,  Fillet;  /.  a.  i,  internal  arcuate  fibers; 
d.  m,  mei^'ial  accessory  olive;  d,  inferior  olive;  Sg,  sub- 
stantia gelatinoea;  fB,  fO,  columns  of  Burdach  and  Goll; 
?i  B,  n  0,  funiculi  gracilis  and  cuneatus. 


SPECIAL  PATHOLOGY 


Spinal  Cord  and  of  the  Peripheral 
Nerves. 

(Part  V.  or  Text.) 


various  Forms  of  Myelitis. 

Fid.  \.— Columnar  Arnle  (loj^iel  Mgimh.  (Cerviral  portion  of  the 
oonl.)  A  nian  forty-two  yeara  of  afiie,  aft«r  a  severe  atlnck  of  erysipelBH, 
develn))Fd  n  mpidly  incrvaxinic  parraia  of  the  nmiH  and  Icga,  aooom- 
pnnied  by  pBiiilul  aensationfi.  The  paralysia  was  never  complete. 
There  wan  flight  distDrbance  of  aeiiiuttion  Hiid  of  the  vesical  fnnotioii; 
paiij-sensc  remained  normal.  Toward  the  end  there  was  paralysis  of 
the  diaphra^;]n.     Tlie  diwase  lasted  only  four  inontlis. 

JJinjnoMi'.  ^Multiple  neuritis  |?). 

^■(opuy.— Extensive  myelitic  degeneration  of  the  posterior  oolnnia* 
(/.  (t.  f.  B),  ext^ndin^t  from  the  cervical  to  the  thoracic  portion  of  the 
cord,  tlyelitie  foci  in  the  lateral  uolumns  (Py),  eopeciall;  in  the  cer- 
vical region.  Slight  nenritic  changes.  This  oaae  proves,  among  other 
things,  thai  the  posterior  uulnnins  are  not  essential  to  cutaneons  sen- 

Fio,  3. — <'hnmir  (nyphililicf)  .Wyf/Wi'n.  ((iervical  region.)  \  nian 
torty-eighl  years  of  age,  siuspeot*^  of  hteH,  dcvrloped"  a  slowly  pro- 
grenive  weakness  of  the  legs,  without  pain,  which  aftera  year  and  B 
hall  unlminuted  in  total  pantpl^iA  and  luiBOf  all  seusatiou.  Knee- 
jerks  exafiseratMl.     Incuiitinetwe. 

The  specimen  shows  a  iliBnae  myelitic  degcneretion  involving  the 
entin  transverse  section  of  the  cord.  It  was  most  extensive  in  the 
n%;ioD  iuoluding  (he  neveiith,  eighth,  and  ninth  thoracic  Hegiiieiits. 
Below  the  lesion  there  was  descending  dcgenemtion  of  the  pyramidaJ 
tract.  ( For  the  changes  above  the  lesion  oonsalt  Fig.  3  on  Plate  74.  j 
which  licloiigv  to  this  ca«e.  I 

Fia. '.i,^"  CniaprriBaan  Mi/rlUiJi."  Cnnsinoma  in  the  third  thoracic 
vertehm  le<l  In  (jompression  of  the  cervical  cord,  followed  by  nuirketl 
degeiiemtiiiii  in  every  part  of  the  c«WB-»eclioii. 

The  speeiiuen  viae  taken  from  a  woman  forty-two  years  of  age,  who 
woH  Miiijdi-[ii\  seized  with  violent  neiiralfcic  pains  in  the  )»ok.  Blie 
lajridly  cleM'iiJ()eil  a  progreHSive  jiareHis  of  tile  legs  and  became  ooin- 
plctfly  IsHlnilden.  There  were  diHturbonces  of  the  bladder  and  of 
BeDsation.  .After  three  inonlJis  the  paraplegia  Itad  become  conlpletv. 
Contractures  formed,  and  the  patient  suffered  contiimously  from 
violent  pain  which  could  hardly  be  oonlrolteil  by  opium.  Tlie 
diKme  lasted  six  months, 

Atirrvialiuiu. — ni,  eji,  .Anterior  horn,  jmsterior  horn;  ve,  central 
au»l;^,  fp,  lateral  colamii,  posteriur  uuluinu. 
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PLATE  7H.  I 

Syringomyelia.  j 

r'[Cf.  1, — Hgdr'imyplia,  I'pii'i-  Thuraiiv  Region.     (Si*ciiiieii  of  PrcHj 
fiaaor  v.  Stria niptl  1. )     A  man  tliirlj-live  yeora  of  age,  the  subject  0 
herfiditary  iliseasc,  developed  n  elowly  iiwreamnj?  n-mkueBB  and  sti" 
nesB  at  the  I^h,  and  later  of  the  arms.     Tlii'  tendon  reflexes  were  a 
agfceTHtnl;  moflCDlar  KpaaniB  appeared  nnd  j^nutuully  gn>w  wor 
atrophy.    Sensatiiiii  normal. 

tHagwmii. — Spostio  apinnl  paralysis.  I 

AvtopKg. — Hydromyelia  with  dej^npmtion  of  the  pynuuidal  tnct  ■ 
Thv  oentrol  caoul  tlirongliout  llie  Hpinal  cord  wiwt  uonv«rted  into  » 
wide  cavity  ntled  with  fluid  (h3-di'oiiiyeliisJ.     Con^ienital  (?). 

Fkih,  2  AKD  S.—Srcliiiia  through  Ihe  Upper  nwrf  .Wrfrf/f  Thench 
Portionn  of  the  tWd  from  another  raw  of  fiifTingomyilin.  The  cavity 
extendn  partly  into  the  anterior  and  into  the  poelemr  horns,  involving 
the  entire  extent  nt  thi-  latier.  The  clinical  coiirn?  was  as  follows;  A 
man  fiirty  y»nr^  of  iiKe  develoju-d  clowly  pro)i;reBnivi^  wenkntwi  oud  , 
emaciation  of  the  riKht,  and  Inter  of  Ihe  Mt,  h&hd  nnd  ri);ht  arm.  Hitt' 
mD!irlm  o(  the  liull  of  the  thvuh.  the  faypothenar  ninaoles,  BOd  ttlft' 
int<ToaBi>i  were  the  Hint  to  iindei'co  dejtenenilive  iilropliy.  Pnin  nrWil 
and  tempera ture-aeiifie  were  eoniplel^Iy  lost  in  tile  arms,  T^  taotltol 
Hense  was  nonnal.  Trophie  disturhanoen  nu<de  their uppeiorauoe  in  ttM 
hands.     tnSaniinatury  necrotie  proeesses  in  the  phalanj^es,  nails,  B^(; 

KiKUre  3  nhowH  h  partial  deK«udiu)(  de^nenttion  »l  t)ic  oolDmn  ttf 
(lull  {x),  due  t<>  dnttruction  of  the  ponlenot  ooltinm  (.v  |  by  extenofon'ril 
of  the  mvity  seen  in  Figure  3.  ■ 

Flo.  4. — Sgringomprlia  nati  Mnltiplr  .SHciwi/ii.  In  addition  to  tlwi 
cavity  tuntiution  there  ore  cxteusive  sclerotic  areas  In  the  iuiteroIaHiral| 
and  poKlerior  colnmns,  where  the  medullary  sheaths  of  the  fibers  twTf  • 
been  destroyHl.     The  diwnxed  portion,  therefore,  app«'ar«  whit«.  , 

Abhrrriationx. — m,  Anterior  bom;  (*.  direct  cerebellar  tr»ot;  «^. 
oentral  caiml  (or,  more ocoumlely.  cavity); /n,  ^, /ju,  anterior,  lateral,, 
nnif  Q^^HIt^talpB'i  /B,  /O,  columns  <A  Bnrdaeli  and  tioll.  J 
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T.b.  T?;! 

Multiple  Cerebrospinal  Sclerosis. 

A  woman  twentj'  -tivp  years  of  ape  hail  f<ir  several  iiionthB 
noticed  increasing  weakness  of  the  hands,  with  tremors  and 
inahilily  to  grasp  objects  (intention  tremor).  I^ler  there 
were  added  stiff,  uncertain  gait,  nystagmus,  scanning 
speech,  optic-nerve  atrophy  {white,  pale  fundus),  and  ex- 
oneration of  the  reflexes.  Sensation  waw  normal;  slight 
vesical  disturbance.  In  the  course  of  three  years  the 
woman  became  completely  bedridden  and  finally  died  of 
pneumonia. 

Autopgij. — Irregidarly  scattered  aclerotii-  foci  in  tlie  brain 
and  spinal  cord,  where  the  nieduUary  sheaths  of  the  nerve- 
fibers  were  partially  destroyed.  The  asis-cylindera  in  some 
parts  were  presented, 

FiQ.  1. — iMngUitdiruU  Section  Piroitnh  tlu  Thoracic  Regum, 
showing  a  Sderatie  Fhntu  (/)  in  the  PuHterior  Golumm,  which 
are  inriiirM  in  Ihe  Sertion. 

Figs.  2  asd  4. — C'rost-sectton^  through  ihf  Thoracic  Region. 
In  Figure  2  almost  the  entire  cross-section  is  involved,  a 
portion  of  the  anterolateral  columns  alone  being  preserved; 
all  of  the  gray  matter  of  the  anteriitr  and  posterior  horns  is 
involved. 

Figure  4  shows  a  smaller  fMUs  (/)  in  the  posterior  col- 
umns and  in  l!ie  posterior  and  anterior  boms,  especially  of 
the  left  side. 

Fia.  3. — Section  through  the  Cortex  nj  the  Cerebral  Hemi- 
spheres. The  radiating  libers  of  the  white  matter  (fOf/) 
contain  two  small  sclerotic  foci  (j:). 

Similar  foci  were  also  found  in  tin-  liniin-stem,  the  pons, 
the  medulla  oblongata,  etc. 

Abbreviations. — en,  Anterior  hiirii;  cb,  direct  cerebellar 
tract;  cc,  central  canal;  cp,  [Kistcrior  born;  fal.  anterolat- 
eral column;  ft,  lateral  colunni;  fp,  posterior  column;  P'/l, 
lateral  pyramidal  tract 


PLATE  7S. 

Via.  J.—Sr^iim  finm^A  Ihr  Mnlvlla  OUongala  frtm  i 
(luwHir-  Bulbar  Paniliftii  irith  Amnotntpkir  tnfmi"  "  " 
thiny-«<ix  years  ot  hk  iie»>l<iped  a  «lnwlv  pm^mvii^  atrophy  ami 
inrnlyin.4  of  thtr  Mnall  Tniuvles  of  both  liands:  taHifi  a  marked  dis- 
lurhaiK<e  in  Ihe  spefvh  (hullnr  spMch)  made  its  appmmnce.  The 
ninvemente  nt  Ihe  miifcne  and  lips  benuue  olnnrr,  the  cniresporidJDK 
ID usclot  atrophied,  and  marked  fibrillary  nin tractions  appeared  in  the 
tongue.  The  |«ilienl':vgait  nLfn  Ixvanie  miff  niid  latmreit.  At  the  end 
III  tH-n  yeara  there  were  complete  atmphy  ami  poialt'f'is  at  the  tongue 
bihI  Hpn  aiMl  of  the  innticles  tA  deelntitinn.  i^peefh  had  hecunii^  im- 
poivdhle.  The  amis  were  oomplelrly  ntmphinl.  and  the  Irjjn  iipOHtic 
andjiatalyzed.     Death  from  inspiration  pneUTnonia. 

TtH!  preparation  shows  marked  destruction  of  the  oells  and  libere  in 
the  niicIenH  of  the  hypoglnwuN  (.V//):  liglit  itpota  in  the  pynunida 
I  Pji ).  Many  nf  the  oelbi  in  the  niielena  of  the  facial  nerve  were  also 
destroyed.     L,  Fillet;  <rf,  olive;  Cr,  reKlifonu  hodv, 

FlO.  2.— .SrrtioH  throHgh  Ike  l^itrr  Orrical  Vord  IM  Amgalropkic 
IMrral  Sdrrotif.  Thp  clinical  Cflnrse  wan  ijnite  Himilar  to  iluit  which 
has  jttst  been  described,  except  for  the  alwence  of  bnlhar  symptonia  in 
the  uncomplimted  form.  Thus  we  hare  RlDKly  incruHiiitc  dt^ncTM- 
tion,  mnHCnlar  ntrophy  of  the  upper  txtremitiea,  Ix^nnintc  in  the 
thenar  ami  iiiteroHBei  ninscles.  aiid  s|ia»<tic  paralyBis  of  Uie  lejrs.  Sen- 
nation  and  vesical  tonction  are  iintanected.  The  reQexesarriiiereawd. 
Tile  npecinien  ahows  wiite-Mpread  dmInicLioii  ot  cells  and  libera  in  the 
Ulterior  horn  {Ca  ],  nliich  is  much  rednced  in  aize.  The  p>Taniidal 
tractf  on  both  KideH  ore  de^nemled. 

Fl«.  3. — .SeflioH  tlirough  the  Aitlfrior  Horn  of  the  firrirti/  (\ir4  is 
^iNdJ  ffiaimlar  AfTop/tg.  (Profewor  v.  StriinipeU'scBee.)  A  man 
Ihirty-flve  y««rs  of  age,  Ihe  subject  of  an  herediWry  dineatv.  developed 
atrophy  and  paralyaii  of  the  thenar  and  iQlemmei  ninaclcn.  In  the 
oODne  of  a  year  the  atrophy  extended  to  all  the  mosclcH  ot  the  nrnw, 
ot  the  tthonlder-ffirdle.  and  lo  llie  ooHtal  and  nnehal  maples.  The 
muDCleK  showed  Gbrillarmntraclinns  and  the  reaction  of  defeneration. 
Senfvition   normal.     No   balhur  phenomena.     No  diHturlunc^  ot  the 

In  the  preparation  we  see  that  the  anterior  born  fcornn  a)  is  much 
ahrunken;  eifenHive  destntetion  ot  cellii.  The  anterior  roole  are  also 
vwy  atrophic.  (C'j>niinre  with  Plat*-  ,i9,  Fik-  1.)  In  the  anterior 
horn  wc  see  n  denw  network  of  cicatricial  nenmgliar  tinxue.  The 
lateral  oolnmn  in  normal.  B,  Cohiniii  of  Bnnioch;  co,  anterior  cwm- 
niinarc;  fa,  fal.  anli^rior  nml  Inteml  u>lumn»;  (.',  column  of  tioll; 
/'y,  lateral  pyramidiil  tract. 
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Tabes  Dorsalis  (Thoracic  and  Lumbar  Portions). 

Ill  labiw  the  iipr\c-filiein  nt  n  jiart  of  tlie  peripheral  sensory  nenron 
ilegenenile.  t'siiall.v  thow  nt  (lie  iower  eitreniity  are  aflectwl;  more 
nirely  tliiine  o(  tlie  nrni  and  «f  Uie  lavv  Iflftli  iiervr).  The  iiriiiiAry  neat 
ot  [he  diMeiM.'  in  not  yet  i<eftnit«ly  known  (neuron  oells  in  the  apinsl 
(CBnglia?).  It  in  pmlNihle  tliat  eerbiin  reflex  pathn  (coIlnlemlB  fmin 
Che  posterior  niotHl  nre  the  first  to  become  <liiieaaei),  then  tlic  poaterior 
rootit  (see  Plate  *:^l.  Fig.  ri,  for  their  conreel,  both  the  short  KIhT!!  which 
enter  the  c>oliimiiH  of  Clarke  in  tlie  poxlerior  honi  and  the  lonjt  fibers 
wbichenter  through  the  lumlmr  roolA  Hnd  nweiid  in  Uiv  tMliiiniui  of 
Gotl;  the  peripheral  portions  of  the  neuron,  tlie  xennor^  etitaneona 
nervefl,  nre  alwayn  involved  in  the  dejtenerative  prooens. 

FlU.  1.— *rfiOTi  thmugli  thf  latrer  Thoiacir  Rrgioa.  TIip  piiBterior 
oninmns  tfp)  are  very  niueh  paler  tiian  normal;  the  grentrr  part  of 
the  ofloeniling  and  desoendinn  tibers  fn)m  the  post^^rior  roots  uontained 
in  the  posterior  oolninns  is  degenerate.  The  ventral  portion  (e)  of 
the  poHlerior  colnmns  if  not  derived  from  the  poMerior  rootH,  and  It 
regularly  escapes  in  tabes.  The  Bhort  tracts  which  enter  the  posterior 
horn  trom  the  posterior  colnmns  at  r  are  also  entirely  destroyed  (com- 
pare the  normal  section,  Plate  49,  Fig.  I ).  (living  to  the  destmetion 
of  the  liliers,  the  oolnmnsof  Clitrke  (C/jaiipearnshroiul,  round,  sliarply 
oircnmscribed  arean. 

Fio.  3. — -SffMnn  through  thr  Ujiper  Lujnbar  Region  frnm  anolhrr 
tour.  The  degeneration  is  conflnni  to  nymnietrical  areas  (d  )  in  both 
posterior  columns,  separated  by  a  small  area  (oval  outline,  fa]  of 
intact  tiwne.  Then.-  is  also  a  scHcnlted  "marginal  degeneration,"  or 
d^tenerotion  ot  the  short  tracts  which  ascend  and  descend  in  the 
marginal  (lortiims  of  the  anterior  ifol)  and  lateral  columns,  being 
derived  frotn  cells  in  the  gray  matter  (central  neuronl.  fb,  G^rebeltar 
tract;  ep,  posterior  honi;  r,  absent  radii. 

Fio.  3.— .SpcIion  Ihniugh  the  Loimr  Lumbar  Begion  film  a  (Airrf  wij«. 
In  addition  U>  the  anifonn  d^ieneroted  area  in  the  posterior  oonis 
(B),  the  vrntml  aspect  being  normal,  we  reoogniKe  degeneration  of  the 
poHterlor  roots  {r.p),  the  anterior  roots  |r.  n)  presenting  the  normal 
black  color.     Ca,  cp,  Anterior  and  putttcri or  horns. 
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PLATE  ^'O- 
Tabes  Dorsalls  (Cervical  Region). 

FlO.  1. — Sixlioa  Ihrougk  Ihr  Crrrical  Spitutl  (.'nrd.  (From  case  on 
PUt«  79,  Fig.  1.)  The  oolnDinot  Gitll  (/G),  which  represents  the  oon- 
tinnalinn  uf  the  long  uacendiufc  posterior  root-flbcra  of  tlie  lunilmrronl, 
is  ooniplelely  degenerated,  Tlie  ooliTiniis  of  Bunlaoh  {fB)  alw>  present 
aoeiitial  li^ht  urea  (Ionic  S>>er!<  fconi  the  thonv^ic  and  uervical  roote). 
The  tonu  of  Lissaner  (tj,  at  the  tip  o(  the  posterior  honi,  which  con- 
tftina  the  ouh:rmDat  root'liberx  of  small  enlil)er,  is  also  de^neratcd. 
Bp,  Posterior  roote;  r,  radii. 

The  specimens  were  t«keii  from  a  iiuw,  ajtcd  Httj,  who  for  six  yean 
liad  i>een  suffering  from  a  distressing  sense  of  preBsure  in  the  epi|w>trio 
region,  which  lat^r  develi>p4-d  into  »  typlcai  girdle-pain  extending 
annind  the  entire  hoAy.  During  the  last  four  yearn  his  gait  became 
gnulnally  more  uiteertain,  and  neuralgic  jmins  freiinentlj  appeared  in 
the  legslUncinating  pains).  Pveathesia  whb  present.  Tlie  pupillary 
and  patcJUr  reflexes  were  abolished.  Tliere  were  mnrked  ataxia  and 
distinct  disturbance  of  sensation  in  the  legs  Idelayed  paiu-sense). 
Disturbance  of  vesiral  function.  Later  a  chronic  effusion  developed 
in  the  left  knee-joint  (arthropathia  lahelical,  llie  knee  was  flexed, 
and  the  ataxia  became  so  great  that  (he  patient  liad  to  keep  his  bed 
altogether. 

Pio.  2. — .SrcfinN  through  the  Orrrieal  Rrg'ion  in  m-eaUtd  '' Bigi 
Thifi.''  The  peripheml  sensory  neurimH  of  the  upper,  as  well  asof  the 
lower,  extremities  are  diseasMi,  bo  that  almost  the  entire  posterior 
column  in  the  cervical  r^on  is  degenerated  (column  of  Goll,  FU,  and 
of  Burdaoli,  FB).  In  addition  there  is  a  slight  symnietrioal  affection  of 
the  pyramidal  lalerni  tract  (/'#)  (the  color  iafainl).  We  therefore  liave 
a  comMned  form  of  tabes. 

Flo.  l~,Ser/iBB  throngh  l)w  UighrMl  PnHion  of  fhr  Omcoi  Ojrd 
(Taba  Oomla'nf).  This  Isanotlier  uiseof  "  high  taltes"  iti  which  only 
a  araall  portion  of  the  posterior  coluiuna  ( H,  G),  corresponding  to  tiie 
poetenor  external  segment,  is  preserved.  liiere  ts  also  a  plainly 
marked  degeTieration  nf  the  direct  cerebellar  tract  {Cb)  on  iKith  sides 
(tabes  combing).  The  most  pronounced  clinical  symptom  in  this  caoe 
was  mnsenlar  paresis,  and  the  pupillary  reflex  was  preserved  (! ). 
Henoe  a  provisional  diagnosis  of  "pBendotabes"  was  made. 
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spastic  Spinal  Paralysis. 

A  woman  sixty-three  years  of  age  had  noticed  for  the 
last  two  years  increasing  weakness  of  the  arms  and  lej^. 
The  pareHis  gradually  went  on  to  complete  paralysis  of  the 
arms  and  legs;  the  muscles  hecanie  rigid  and  offered  a  slight 
spastic  resiHtance  to  passive  moveaiente.  The  knee-jerks 
were  increased.  There  was  no  muscular  atrophy  and  no 
disturbance  of  sensation  or  vesical  function.  Finally,  afler 
three  years,  there  developed  cnni|ilete  par;ilysis  of  all  the 
voluntary  muscles  of  the  skeleton — the  ninscles  of  the  eye, 
face,  pharynx,  tongue,  Inuk  uf  the  neck,  arm,  trunk,  and 
leg;  everything  else  was  noriual.  Anatomically,  a  syni- 
metricat  degeneration  of  the  entire  pyramidal  tract,  from  the 
cortex  through  Uie  intenml  capsule,  lirain-etem,  medulla 
oblongata,  ami  spinal  c<jii1  ( central  motor  neuron  complex), 
was  foimtl. 

Fio.  1. — Sefiion  lkrim;h  Ihr  Medulla  OUongaUi.  Both 
pyramids  {Py)  are  degi'nerated  and  pale  in  color.  A  large 
portion  of  the  ner\'('-flbcrs  ih  destroyed.  /,  Posterior  lon- 
gitudinal bundle;  /-,  fillet;  ill,  iilivp;  V r,  descending  root 
of  the  trigeminus. 

FlO.  2. — SeHian  Ibroiijih  ihe  Ck.rvknl  Cord.  Bilateral  de- 
generation of  the  lateral  pyramidal  tract  (Fy)  witli  slight 
atrophy  of  the  walls  in  tlie  anterior  horn.  This  slightly 
resembles  umyntropliic  lateral  scleroslB, 

Flo.  a. — Sfftiiiiii  throiiyh  thf  Middle  of  the  Thornrk  Cord. 
Dq(oneratiim  of  the  lateral  pyramidal  tract  (Py). 

Fio.  4. — ffriiiiin"  Ikruuph  thf  Liimhar  Otrd.  The  diseased 
pyramidal  tract  (Fy)  has  gained  the  periphery. 
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Combined  SyBtem  Disease. 

There  are  otlier  cases  besides  comljined  tabes  in  which, 
instead  of  one  neuron  complex,  forming  an  anatomic  and 
physiologic  unit,  heconiiug  diseased,  several  different  neu- 
ron coDiplexes  are  attacked  at  the  same  time  by  a  primary 
d^eiieration.  It  is  not  aa  yet  definitely  known  where  the 
degenerative  process  begins  in  these  casee:  whether  the 
neuron  cell  or  the  neuron-fiber  becomes  primarily  dis- 
eased. The  clinical  course  consists  in  a  slowly  progress- 
ive spastic  paresis  and  ataxia  of  the  legs  and  arms,  with 
more  or  less  pronounced  disturhanct's  of  sensation  and 
vesical  tmiction.  No  muscular  atrophy.  A  similar  dis- 
ease forms  the  foundation  of  hereditary  ataxia.  (See 
text.)  The  following  sections  were  taken  from  the  spinal 
cord  in  a  case  of  tliis  kind: 

Fig.  1. — Sfdhm  through  the  Cerm'ml  On-ih  A  symmetricjil 
disease  of  the  lateral  {Fy)  and  anterior  ^Pyn)  pyramidal 
tracts,  of  the  direct  cerebellar  tract  (C'6),  columns  of  Goll 
(JG),  and  the  central  portion  of  the  columns  of  Burdach 
UB). 

FiQ.  2. — Section  through  the  Lmver  T/ioranc  Cord.  Tlie 
same  as  Fij^ure  1.  In  the  posterior  column  the  degener- 
ation is  less  marki-d  and  Is  confined  to  the  central  portion. 
Pya,  Ch,  Py,  as  above. 

Fig.  3. — Seiiion  thToni/h  the  Ltimlinr  Coril.  The  lateral 
pyramidal  tracts  (P)  still  exhibit  marked  degeneration;  in 
the  posterior  column  (Jp)  there  is  only  a  narrow  area  of 
degeneration. 


Degenerations  of  the  Periirfieral  Nerves. 

Fio.  1. — Astxndiiig  Hviindary  DrgrHemti'ia  of  IfteSrialir  AVetv  aflir 
AwipulalioB  a/  thr  Leg,  A  liigh  ampQIatioii  of  the  left  had  htt-n  per- 
fornit^  oD  a  iiuin  rnarteeii  senn  before.  Tlie  figure  ith<in!>  the  nisrKln 
of  n  nnw  bundle  in  wliiuh  the  greattr  part  of  the  iierve-ti Iters  Ufle- 
stroyed.  The  coarser  liliers  eHpecially  Hhow  a  marked  HeoondBry 
BBOVndinK  dticenetatiun,  line  t«  the  priniar.v  diaeMe  in  the  neuron  ceils 
situated  in  llw  lunihnr  eonl,  can»«l  i)y  the  loas  o(  fuiii'lion.  The 
amailer  libera  are  l>etter  preserved.  (Compare  the  noniuil  cnxM-gection, 
Plate  SI,  FiR,  3.) 

Fid.  '-!■ — Ihrvrnding  Drgenrralion  0/  Ihr  Uighl  Optin  A'm-pc  ajler 
Dalnirlion  of  Ihe  Lrfl  Ijilrral  Oenieutdlr  Rods  "'"'  tlv  Uft  AiUrrior 
Oirpim  (/unilrir/iiBiniiHi.  The  optic  nerval  onntain  tibera  whose  nenrou 
cells  are  sitimted  Tor  the  most  port  in  the  retina,  niid,  in  addition, 
fibera  which  liave  their  c^lls  in  the  above-named  aubcorticnl  optical 
Centura.  The  latter,  therefore,  undergo  ileHceodinK.  the  tonner  usoend- 
ing.  dpRenenitioii,  We  see  in  this  swition  a  de^enerat^  area  (il  in 
the  tonn  of  a  sector.  (Compare  the  noniuil  optic  nerve,  t'late  .'il.) 
T,  Shealh  of  the  optic  nerve. 

FlO.  3.— OHnyjrpwion  Nrurilin  of  Ihr  Optic  .Vrnr.  In  a  pntient  suf- 
ferinic  from  acromegaly  a  niali§:iuvnt  tumor  of  the  pituitary  k''""'< 
vhioh  aarrounded  the  optic  nerve,  led  lii  partial  de^nenttion  (;r,  j-). 
E,  SItenth  of  the  optic  nerve  idtiral  sheath). 

Fl<t.  4. — Molor  Nerrt  Brimck  in  Sjiinal  MtiKculnr  Atrophg.  Snte  the 
marked,  wide-opread  destruction  ot  libeiv.  (RelnnfcinR  to  rane  hIiowu 
on  Plate  7«,  Fig.  3.) 

PlO.  S.— PMferior  Bool  From  Ihe  Lumbar  Otrd  in  TliJoi  Duraalir. 
[Frxim  the  caae  sIiOH-n  on  Plate  Til,  Fife.  -1. )  The  luilerior  hnudle  (j-l  ot 
pwrterior  roots  contains  scnrcfly  more  than  ten  normal  fibers.  To  the 
right  ot  it  there  in  another  in  a  snmenlint  better  ntate  of  preHervatinn. 
r.  Blood -vewiels. 

Fid.  B.—BHidle  Fhim  Ike  Prroiieal  [  RilmutJ  PoplHrrU )  AVn-r  ih  J\>m. 
rolir  }fiiiirular  Alrophy.  Note  the  irreiiular  dislribntion  of  tiie  areas  of 
fiber  degeneration,  enpecially  in  the  central  portions  of  the  liuudle. 
The  fipinal  conl  is  probably  also  involved  (motor  cells  in  '' 


MORFllOLOGY  OF  TUE  .\'EIil'OUS  Sl'STEJI. 

inferior  faloiforro  (longitudinal),  tlie  cavernoiis,  petrosal, 
transverse,  etc. 

The  dura  luater  seutls  processes  into  tlie  interior  of  tlie 
cercbriim.  Tlie  fal-v  txrdm  (processus  fatciformis  major) 
occupies  tlie  median  t^agittal  line,  being  attached  in  front  to 
the  crista  galli,  nml  divides  the  upper  half  of  the  craninui 
into  two  equal  parts.  The  tentorium  occupies  a  liorti«>utal 
plane  and  forms  the  roof  of  the  posterior  fossa  of  llie  skull. 

Tiie  dura  Iiwsely  invests  the  brain  and  cord,  leaving  an 
interval  filled  witb  lymph  which  is  kuowuas  the  subdural 
space. 

Tile  second  envelope  is  formed  by  a  delicate  membrane 
known  as  tlio  arachnoid.  It  is  more  inlimatcly  adherent 
to  the  bmin  than  to  the  rmil ;  in  the  hmin  it  bridges  over 
the  convolutiiuis  withcut  di|>ping  down  into  the  sulci. 
On  each  side  of  the  fulx  cerebri  are  eecu  the  ra<-chioniati 
bodies,  which  consist  of  exuberant  masses  of  connective 
tissue  derived  from  the  arachnoid.  Beneath  the  arachnoid 
is  the  sulrarachnoid  sjKice,  which  is  subdivided  into  numi-r- 
uus  coiitpiirlments  commnnicatiug  with  one  another  and 
containing  the  ecrebntspinal  fluid. 

The  innermost  eiivclinie  is  formed  bv  the  pia  mater, 
the  term  "soft  membranes"  being  applied  to  this  mem- 
brane and  to  the  arachnoid.  The  pia  closely  invests  the 
nerve  substance  and  dips  down  into  all  tlie  fissures  and 
cavities  in  the  bruin,  as  the  tela  choroidea  inferior.  It 
conveys    the    numerous    bIood-vcs.se Is   which   t-npply    the 

The  brain  consists  of  the  two  laiye  cerebral  hemi- 
spheres, the  bmin-steni,  and  the  ccnlxHuui  ;  tlie  direct 
conlinuation  of  the  brain-stem  is  the  spinal  cord.  The 
axis  of  tlie  latter  is  nearly  peqiendicuhir  to  the  jdane  of 
the  ceri'bclluni,  as  the  bniin-st*.'m  is  bent  at  an  angle  of 
almost  90  degrees. 

The  weight  of  the  brain  in  the  adult  is  l.WO  tn  1400 
grams.  In  man  it  avenigts  1360,  in  wonuui  1220;  a 
VSriation  as  low  as  900  gniiUB  is  not  considered  abnormal. 


TUE  CEREBRAL  HEMISPHERES.  3 

The  two  cerebral  hemispheres  com  rmi  nit-ate  only  on 
their  nie<liun  suri'acea ;  they  coDsist  of  a  rwidish-tn^y  layer 
of  cortical  substance,  tlic  cortex  cei-fbri,  which  is  disposed 
oil  the  surfiice,  and  a  ceiitrat  white  matlir,  or  medullary 
substance,  situated  under  the  cortex. 

The  surface  of  tlie  cortex  ia  thrown  into  numeroua 
venuiform  convolutions  or  gyri,  marked  otl"  by  fissures  or 
sulci,  an  arrangement  that  gi'catly  increases  the  surface 
area  of  the  bniiii.  The  fundamental  type  of  the  convo- 
lutions is  constant,  but  there  are  nimierous  individual 
variations. 

Each  cerebral  hemisphere  is  divided  into  several  lobes, 
each  lolie  comprising  several  convohitions  and  a  porlion 
of  tlie  white  matter. 

In  the  anterior  fossa  lodges  the  frontal  lobe,  wliich 
forms  the  anterior  jHile  of  the  cerebrum  and  is  marked 
Iiy  twii  princi]Mil  fissures  (sulc.  front,  sup.  imd  inf.),  which 
divide  it  into  three  convolutions  or  gj-ri  (gyr.  front,  sup., 
iiicd.,  and  inf.).  The  posterior  boundary  of  the  frontal 
loiie  is  formed  by  the  central  mileun  or  fifutun-  of  Uolando, 
which  commences  a  little  behind  the  middle  of  each  liemi- 
Hphere  and  nins  downward  and  forward.  This  fissure 
divides  the  two  "eenti-at  oonroltUioiis"  (gj'r.  centr.  ant. 
and  post.)  (ascending  frontal  and  ascending  parietal  con- 
volutions). 

Posterior  to  the  central  convolutions  is  the  jiarietal 
lobe,  which  is  divided  by  the  intraparietal  sulcus  into  tlie 
anperior  and  inferior  parietal  lobules  (lob.  pariet.  sup. 
and  inf.). 

The  posterior  jwlc  of  the  brain  is  formed  by  the  oeei[v 
ital  lobe,  which  is  ctmtigiions  to  the  parietal,'  Like  the 
frontal  lobe,  it  is  divided  into  three  convolutions  (gyr. 
occip.  med.,  sup.,  and  inf.) ;  the  under  surtiu'c  of  the 
occipital  lobe  rests  on  the  tentorium. 


'  Oucaaionally  the  diviiiinn  hvtween  the  purietal  (inii  otvipital  loheB 
iH  fthnormall.v  deep,  owlnfc  to  the  unusnal  development  of  tlie  ••  • 

"Simiati  fiswure," 


4  MOEPHOLoar  of  the  nervous  system. 

TLe  middle  fossa  of  tlie  skull  acconirandaU-s  the  tem- 
poral lobe,  wliicli  is  sulxIividtHl  into  three  con  volutions 
(gyr.  temp,  med.,  sup.,  and  inf.)  by  three  fissures  (sida 
temp,  sup.,  iiied,,  aod  inf.).  In  front  and  above  it  is 
divided  from  the  frontal  lobp  and  thect-ntral  convolutions 
by  a  broad  and  deep  sulcus,  the  fissure  of  Sylvius,  while 
it  ia  directly  continuous  behind  with  the  inferior  convolu- 
tions of  tile  parietal  lobe.  Hence  the  inferior  parietal 
lubule  comprijies  two  convolutions,  arching  from  before 
backward,  known  ns  the  suprumarginal  and  angular  gyri 
(^1  courft^),' 

At  the  Ijottom  of  the  fissure  of  Sylvius  is  another  lobe, 
the  Island  of  Reil,  with  its  small  convolutions,  covered 
over  by  the  adjoining  lobes,  especially  the  temporal  and 
central.  [NiJTE. — More  correctly,  the  part  of  the  inferior 
frontal  convolution  in  front  of  the  ascending  limb  of  the 
fissure  of  Sylvius.]  The  convolutions  which  overlap  the 
island  are  collectively  known  as  the  opejvulum,  which  is 
again  subdivided  into  the  operculum  frontale,  centrale 
(or  Rolando),  and  purietale. 

The  convolutiou.s  hitherto  described  can  be  seen  on  the 
external  convex  surface  of  the  hemisphere.  On  the  mesial 
surface  of  the  hemispheres  the  continuation  of  the  superior 
frontal  convolution  can  be  seen.  The  eenfi-af  conrolutirm* 
run  together  in  the  paracentntl  lobule,  and  the  paridal  lobe 
is  continued  as  the  precuneus.  The  latter  is  »e]iarated 
from  the  mesial  surface  of  the  occipital  lobe  by  the  parifto- 
occipllal  JJssitre.  The  mesial  surface  of  the  occipital  lol>e 
is  divided  into  the  cuneus,  and  beneath  this  and  separated 
from  it  by  the  deep  calcariiie  fi.'^sni'e,  the  lolnt/tm  llnffiuiIU. 

On  the  under  surface  of  the  temporal  Mte  the  inferior 
I  temporal  joins  the  occipUoiemporal  convolution,  and  to  the 

■  mesial  si<le  of  the  latter  and  sejmrated  from   it  by  the 
I  occipitotemporal  fissure  is  the  infci-ior  mai-giiuU  conro/iUion, 

I  '  Many  analomiata  count   three  convolntiona,   (tjros  marpinalis, 

I  annularis,  and  pncooci  pi  talis.     The  ooDvolntigiiH  in  this  portloD  of  the 

■  bmin  are  subject  to  freqaent  variations. 
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the  gyrm  hippocampi,  which  terminates  anteriorly  in  the 
ujictis.  Tlie  orbital  surface  of  tlie  froiitid  lolie  is  marked 
bv  the  following  fissures  :  The  sulcus  rectus  (olfactory 
sulcus)  anil,  exteriiiLl  tc.  it,  llie  InrmVuile  fi^iiir,  which 
forms  )«rt  of  the  iiii.l.llv  rnmliil  coiivoliLlion. 

In  thecpiitral  portion  of  tlif  nii'Jiiin  siirfuw  of  the  hemi- 
spheres, which  is  surroiitKletl  by  the  ubove-meiitiuneci 
convolutions,  the  arrangements  are  somewhat  diSei-ent. 
Above,  the  cortex  ends  in  the  gyrus  fomicatus,  and  be- 
low in  the  gyrus  hippocampi  (upper  and  lower  marginal 
eon  vol  nt  ions).  Underneath  the  upper  ninT^iiinl  convolution 
the  white  matter  of  the  brain  projects  from  tlie  interior  of 
the  two  hemispheres  and  forms  the  corpus  caltosum. 

Above  the  lower  mai^inal  eonvoluiioii  the  white  matter 
also  projects  fivm  the  hemispheres,  and  converging  from 
either  side,  forms  the  crusta  (or  pes),  the  ventral  [lortiou 
of  the  cerebral  jteduncle,  which  begins  at  this  point 

Between  the  corpus  callosum  and  tbe  cerebral  ])eduncle 
is  a  series  of  deeply  placefl  struetiirra  and  spaces  which 
will  be  described  more  in  detail  later  on.  Thus  the  entire 
intermctliate  portion,  which  is  surrounded  by  the  marginal 
convolutions,  is  not  covered  with  cortical  substance. 

Tlie  corpus  callosum,  whieh  connects  the'  two  hemi- 
spheres, forms  a  robust  layer  of  white  libers ;  the  larger 
central  portion  is  nearly  horizontal  ;  the  anterior  extremity, 
or  genu,  is  refleeted  downward  and  then  biickward  to  the 
base  of  the  brain  ;  posteriorly  it  ends  in  a  thick  rounded 
fold,  the  splciwtm.  The  mass  of  white  matter  in  the  inte- 
rior of  each  hemisphere  forms  the  nucleus  of  the  lobes  we 
have  descril>e<l.  The  up|>er  half,  down  to  the  level  of  the 
corpus  callosum,  is  formed  chiefly  by  the  radiating  fibers 
of  the  corpus  callosum,  and  a  section  at  this  level  is  known 
as  the  centrum  semiovale  Vieussenil  (centrum  ovale 
majns).  The  basal  portion  contains  in  its  substanee  a 
grayish-red  mass  the  sine  of  a  goose's  egg, — the  cm-piin 
alrialum, — which  is  divided  into  the  letdli^dar  nudeiis,  or 
lateral  portion,  and  the  canrfn/c  niiefeus,  tvc  v&vsis^-'if^ 
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These  two  parta  are  divided  by  the  layer  of  wliite  fibers 
wbicli  we  bttve  already  described  as  omergiiig  from  ibe 
base  oi'  each  liemisphere — uamely,  the  ventral  portion  nf 
the  cerebral  peduncle,  or  eruHta  pedmiciili. 

In  the  interiiir  of  each  hemisphere  is  a  system  of  eavi- 
ties  filled  with  lymph — the  ventricles.  Tile  roof  of  the 
lateral  ventrlele  is  formed  by  the  centrum  ovale,  which  is, 
therefore,  also  culled  the  tegmentum  ventriculorum. 

The  free  npper  surface  of  the  corpiis  strintum  projects 
from  the  white  matter  and  bulges  from  without  and  l>elow 
into  the  lateral  ventricle. 

This  jwrlion  of  the  lateral  ventricle,  which  lies  between 
the  lateral  portion  of  the  corpus  callosnm  and  the  surface 
of  ihc  ci>r]iiiK  stviatimi,  is  known  as  the  cdia  mnlin  (body 
iif  tlic  latcnil  venlri<'lc).  The  ventricle  is  continued  into 
the  frontal  lobe  as  the  aiderior  horn,  and  into  the  occipital 
lobe  as  the  poalerior  horn,  while  the  dcscfiiding  horn  di|)s 
down  into  the  teni|)ond  lobe.  The  anterior  and  |K)sterior 
horns  are  siirroumled  on  every  side  by  white  matter,  and 
thus  lie  buried  in  the  white  matter  of  the  liemisphereB. 
The  descending  honi.  on  the  contrary,  is  open  toward  the 
median  line,  the  opening  being  effecU-d  by  a  reflection  on 
itself  of  the  lower  marginal  convoliilioii,  the  gyrus  hip|)0- 
campi,  which  therefore  projects  into  tlie  descending  horn 
and  forms  a  thick  ivinndp<l  fold,  the  carnu  ammonis. 
The  free  cdgt!  of  the  corlical  layer  of  the  gj'ms  hippo- 
campi is  re-.illy  formc<l  by  the  narrow  gjrus  dentatus 
(fascia  dentata  or  fascia  Tarini).  Tliis  arningcment  is 
clearly  seen  in  FJpire  1. 

At  the  free  border  of  the  cornn  ammonis  is  the  l)egin- 
ning  of  the  fimtiria,  or  terminal  prtion  of  the  white  mat- 
ter belonging  to  the  gyms  hippocampi,  or,  more  specifi- 
cally, of  the  gyrus  dentatus.  The  fimbria  [Misses  liackwani 
and  upward  from  tlie  anterior  extremity  of  the  descending 
horn,  along  with  the  superficial  eornigated  jiortion  of  the 
coruu  ammonis  (digitntionesctirnu  ammonis).  At  the  junc- 
tion of  the  descending  horn  with  the  cells  media  the  fimbria 
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leaves  the  corim  ammonis  and,  joining  with  that  of  the  op- 
posite side,  lijrras  the  ascending  limb  of  tlie  fornix  (ltuh  iis- 
cendens  fornicis)  and  unites  with  the  lower  posterior  seg- 
ment of  thi-  corpus  cnllosiim  in  tlio  ct-ntral  trianj;nhir  inter- 
val, known  as  the  lyra.  The  tbruix  (or  "  cortical  medulla  " 


Fig.  1. — Seclioii  tliroiigh  the  lowi-r  rnaixinnl  convolution  (medul- 
lary alieath  Btuiii):  ",  Alveiu;  e.  Am,  rornu  amiuouis;  F.  i,  faaiiuul. 
loiit(itad.  inf.;  f'o.  fornix;  g.  iJ,  KyritHdvntutiui;  ggr,  Hippoe.,  Tlippo 
campal  gyrnai  ggr.  o.  I,  ocwipitnl«inpiinilis;  ft,  liilus  of  ftyr.  denbtt.) 
/.  I,  lamiiui  m»l.  involiita  ( Ijiiigenlial  flbem);  n.  r,  candale  nnolciu 
(tailpi«ie);  pi,  p\exag,  choruid.  inf.;  at.  I,  HtraCum  lAConosnini  mb, 
Babiculiiio;  tap,  tapetum;  (.  m,  tOMiin  medulUr. ;  r.  inf.,  interior  von- 
Iriole  (descending  coruu). 


of  the  hemisphere)  passes  nionp;  the  under  snrfare  of  the 
corpu!)  eallo^nm,  with  which  it  is  nnit<Hl,  to  a  jwiint  jiiat 
behind  the  genu,  where  it  leaves  the  corpus  callosiim  and 
ugain  tflkes  a  downwanl  course,  al^er  dividing  into  the  two 
descending  limbs  or  anterior  pillars  of  the  fornix  (crura 
descend,  fornicis).     At  the  base  of  the  brnin  the  atktH.nctT 
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pillars  of  the  fornix  are  reflected  backward  and  end  in  tlie 
corpora  albicantia. 

It  follows  that  between  tlie  fteiui  of  the  corpus  callosum 
and  the  anterior  pillars  of  tiie  fornix  there  remains  an  open 
space  which  is  <KHiipie»l  by  two  glcmler  folds,  the  septum 
lucidum,  bounding  a  sniall  cavity,  the  ventricle  of  the 
septum  ]uci<ltiin  {jijih  veiUru-le).     To  either  side  of  each 


Fife.  2. — Schema  of  Il>e  vuutrli'les  <>I  tlit  bruin  (ouroiuil  iicction): 
Fl.  oh,  Plexus  choroideiiit  Intenilia  ;  1«1,,  teln  clioroldea  ;  m,  plexna 
choroides  nieil.;  o,  membraua  obturaUiria  ventr.  III.  (uutt^rior  oom- 
mii«are). 
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septum  and  tLtidcrneiith  the  corpns  callnsnm  h  the  lateral 
■ntricle. 

In  the  floor  of  the  lateral  ventricles,  therefore,  the  sur- 
face of  ihe  corpus  striatum  is  seen  projecting  from  the 
white  matter  of  the  hemispheres.  The  broadest  anterior 
portion,  which  lies  toward  the  anterior  horn,  is  known  as 
the  caput,  or  kniii  of  the  corpus  striatuni,  or  in  transverse 
Becthii  as  the  caudate  nucleus.     From  the  caput  it  runs 
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backward  and  do\vnward  and  foims  tlit  narrow  taif,  wliich, 
at  the  jiinctiun  of  the  descending  }iom  with  the  body, 
sweeps  downward  and  finally  ibrwurd  to  furm  jiart  of  the 
roof  of  the  descending  horn. 

To  the  mesial  side  of  the  corpu^j  striatinn  and  [Hiraltel 
with  it  is  a  narrow  hand  of  white  tibers,  the  lamina  cor- 
nea, which  contains  a  lat^  vein.  It  separates  the  corpus 
striatum  from  a  large  structure,  the  optic  thalnmuEH,  which 
lies  to  its  mesial  and  posterior  side  and  presents,  in  trans- 
verse section,  a  gmyish-red  mass  similar  to  that  of  the 
corpus  striatum.  At  the  base  of  the  brain  the  optic 
thalami  gradually  approach  each  other  and  the  metlian 
line  ;  the  cavily  between  them  is  known  as  the  third  (or 
middle)  ventricle.  The  bodiea  of  the  lateral  ventricles 
directly  communiiMte  with  the  third  ventricle  by  means 
of  the  foramina  of  Monro,  two  slit-like  apertures  >^ituated 
immediately  behind  the  anterior  pillars  of  Ihe  fornix. 

The  roof  of  the  third  ventricle  would  be  fornunl  by  the 
fornix  and  superimposed  corpus  callosnm  were  it  not  for 
the  fact  that  a  process  of  the  pia  mater  passes  under  the 
Bplenium  of  the  corpus  calloaum  (great  transverse  fissure) 
and  penetrates  into  the  third  ventricle,  which  is  open  at 
this  point.  This  vascular  prolongation  of  the  pia  spreads 
out  under  the  fornix  in  a  thin  layer  (velum  intcr[>ositum) 
which  forms  the  roof  of  the  third  ventricle,  and  is  known 
as  the  tela  choroidea  superior.  It  contains  at  Its  center 
two  conl-like  frranidar  stnictni-e.^,  the  choroid  plexuses 
fplex.  choniidin  iiird.),  whit'h  pass  from  the  tliini  to  the 
lateral  vnitrii'tes  in  the  foramen  Monro  as  plexus  cho- 
roideus  lateralis  (the  choroid  plexuses  of  the  third  ven- 
tricle). Here  they  are  cli>sely  applied  to  the  lateral  bonier 
of  the  optic  thalamus,  and,  passing  back  wan!,  finally  enter 
the  descending  horn,  where  they  l)ecome  omtinuous  with 
the  pia  niator,  which  enters  through  the  foramen  of 
Monro. 

As  has  been  stated,  the  white  matter  is  enerotichcil  upon 
I  the  central  portion  of  each  hemiB^L^c  Vyj  '^c   ^«= 
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of  llie  corpus  gtriaUim  and  optic  thalamus,  which 
increase  uioru  and  more  in  size  -m  tlic  Ixise  of  the  bmiu  is 
approaclicd.  The  wliite  filwra  as  they  descend  frotii  ihe 
centrum  semiovale  pierce  the  corpus  striaium  and  form 
the  (III frrior  KwiAoof  the  hilmial  ^/jwm/c  (cjipsiila  Rcilii), 
dividing  the  lateral  [»ortion  or  lenticular  nucleus  from  the 
caudate  nucleus.  Another  bundle  of  while  fillers  passes 
downward  as  the  poderiur  linJt  of  the  internal  capsule, 
and  separates  the  lenticular  nucleus  from  the  optic  thal- 
amus. The  anterior  and  posterior  litub«  unite  to  form  the 
genu  of  the  internal  capsules.  Part  of  the  fihcrs  of  the 
internal  capsule  enter  the  corpus  striatum  and  optic  thal- 
amus and  disappear  in  these  structures  ;  others  are  eun- 
tiuued  downward  toward  the  base  of  the  brain,  where  they 
emei^  in  the  form  of  the  above-mentioned  rruMa  or  /xm. 

The  icnticuUtr  nucleus,  which  is  wcdped  in  tK-tneen  the 
internal  cajisnle  and  the  island  tif  Reil,  is  divichil  into 
M-veral  {niriiDns :  a  larger  lateral  portion,  the  putamen, 
and  several  median  segments  not  related  morpiiolo^iit-ally 
to  the  putatuen,  together  forming  the  globus  pallidus. 
The  putamen  and  the  caudate  nucleus  I tigetlier  n^ally  fonn 
the  corpus  striatum. 

Outside  of  the  putamen  the  white  matter  of  the  hemi- 
spheres is  continued  downward  in  a  thin  layer  as  the 
external  capnitle ;  U'tween  this  and  the  white  matter  of 
the  insula  (capsuhi  extrema)  there  is  a  narrow  :-trip  of 
gray  matter  ninuiiig  )Kir;itlel  with  the  insula  and  known 
iiH  the  claustrum. 

B'-low  tlie  lenticular  nucleus  the  white  matter,  which  at 
this  point  in  reduced,  by  the  encmachment  of  the  gray 
matter,  to  two  narrow  strips,  the  internal  and  external 
capsules,  begins  to  ex|>and,  reaching  its  greatest  develop- 
ment (Ktsterioi'ly  in  Ihi-  white  tmitler  of  the  lemponil  lol>c. 
tuterior  portion  of  the  lenticular  nucleus,  era- 
mm  of  while  matter  between  the  frontal 
'llisniall  rnundi4]  luassofgrny  ninttor, 
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The  upper  nnd  mesial  eurfacc  ut' the  Optic  thalamus  may 
lie  exposed  by  reiiiuving  tlie  corpus  willosuiii  with  the 
fornix  uinl  velum  iiilerpo.''itiim.  It  present  in  front  a 
sniiill  pn>ii)inenei',  the  anterior  tubercle,  uiid  projects 
backwiird  and  otitwai-d  to  form  a  promineut  masH,  the 
pulvinar. 

The  median  Biirfaces  of  the  optic  thalami  tbrm  the 
lateral  walls  of  the  ihird  ventricle.  Along  tiic  upper 
inoer  mui^in  of  the  optic  thalami  is  eeen  the  ta^iia  mediU- 
larU,  which  aMceods  from  the  interior  of  the  brain  and, 
passing  biielcward  in  the  form  of  tlie  jiedunciilug  ronarH  (or 
ulna  pineu/l»),  decussates  with  the  corresponding  strncture 
of  the  other  side.  To  each  side  of  the  point  of  intersec- 
tion lies  the  small  ganglion  babenvlce  [trigonum  habtnnltB), 
Resting  upon  the  decussation,  but  not  in  any  way  connected 
with  it,  is  found  the  pineal  gland  (epiphysis,  (tonariiim, 
glanduia  pinealis,  etc.). 

The  cavity  of  the  thinl  ventricle  is  traverstid  by  three 
short  bundles  of  filwm  eonnet^ling  the  two  halves  of  the 
brain.  Immcdintily  in  front  of  the  anterior  pillars  of  the 
fornix,  nciir  the  fl{w>r  nf  the  ventricle,  is  the  robust  white 
anterior  commissure.  In  the  middle  of  the  third  ven- 
tricle is  the  gray  or  middle  commissure,  which  is  easily 
torn,  while  immediiitely  Iwlow  and  in  front  of  the  decus- 
aation  nf  the  peduncles  of  the  pineal  body  is  the  posterior 
commissure. 

Beneath  the  optic  thalami  is  a  region  into  which  a  part 
of  the  white  fiU'i-s  from  the  lenticular  nucleus,  the  optic 
thalamus,  and  the  inner  enpsule  project,  and  which  is 
known  as  the  rr-gio  .-iibtludiimic^.  It  contains  the  oval 
corpus  subthalamicum  (subthalamic  body)  and  the  be- 
ginning of  the  red  nucleus  (nucleus  ruIxT),  which  extends 
fiirtlier  backward  into  the  mcscntrephalon. 

The  third  ventricle  ends  in  front,  between  the  two 
anterior  pillars  of  the  fornix ;  its  cavity  is  more  or  less 
Ainnel-shaped,  and  diminishes  in  size  towiinl  the  Iw^e  of 
tlie  braiu,  where  it  is  continueil  into  tlie  infundibu^ux^- 


L 


MOSFHOlOOr  OF  THE  SEKVOUS  SYSTEM. 

The  latter  is  clos<'<l  by  the  pituitary  body,  wliicli  is  lodged 
in  the  sella  turcica  oi'  the  sphenoid  bone.  Owing  to  the 
gradual  eiieroaehment  of  tlie  ntediau  surfawa  of  tlie  ojitic 
tbalanil,  the  postorior  portioD  of  the  ventricle  is  more 
shallow  than  the  anterior.  It  is  traversi'd  by  the  posterior 
conimissure,  and  eontinueil  backward  in  the  funn  of  a 
narrow  canal,  tlie  aqueduct  of  Sylvius. 

The  lower  halves  of  the  optic  thalumi  form  a  coDtinil- 
oiis  mass,  but  their  upper  posli'rior  jmrtions  (piilvinar)  are 
forceil  apart  by  tlie  corpora  quadri8:einina,  which  rise  to 
the  surface  behind  the  posterior  «>ninnissure.  There  are 
two  antt^rior  and  two  posterior  (juadngcniina.  On  each 
side  they  send  out  the  anterior  ^superior)  and  jwrfmor 
{inferior)  brachial,  which  terminate  in  the  corpmi  genicw- 
lalum  hferale  {exf/mum)  and  mediafa  (hifemum),  between 
the  corpora  quadrigemina  and  the  piilvinar.  From  the 
substance  of  the  corpus  geciculatum  laterale  a  bundle  of 
white  fibers,  tlie  Optic  tract,  takes  its  course  toward  the 
base  of  the  brain,  Bnienth  the  corpora  qnadrip?niina  the 
ventricular  sy.'item  is  continued  as  the  aqueduct,  the  imme- 
diate surrounding  of  which  is  formed  by  the  gray  matter, 
which  also  covers  the  surface  of  the  optic  tluilami  and 
forms  the  lining  of  the  third  ventricle. 

Beneath  the  cor|x>ra  quadrigemina  is  the  tegmentum, 
formed  by  the  union  of  the  fibers  from  the  subthalamic 
region.  Under  the  tegmentum  the  converging  crura  cere- 
bri emei^je  fr<im  the  hemispheres  and  form  the  continua- 
tion of  the  white  matter  of  the  internal  capsule;  underneath 
the  tegnientnin  they  unite  to  form  the  cnisla.  Between 
the  tegmentum  and  the  criista  is  a  brownish,  crescentic 
mass,  the  substantia  nigra.  Behind  the  corpora  quadri- 
gemina and  covered  by  the  tentorium  is  the  cerebellum, 
occupying  the  interval  between  the  cerebral  hemispheres 
and  overlapped  by  the  oeci])ital  lobes.  It  lies  in  tlie 
posterior  fossa  of  the  cranium,  and  consists  of  a  central 
portion,  the  vennifnrm  pracetui  (vermis),  flanked  on  each 
side  hy  the  hemispherts  of  the  cerebetlun 
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The  cerebellum  is  conueftol  with  the  corpora  quadn- 
gemina  by  the  sinK'Hor  cenibfllar  (lediincles,  which  pass 
thraugli  the  tegmental  region.  They  are  directly  conoected 
with  the  verniiform  process  of  the  cerebellum  liy  ineuDs 
of  the  thin  anterior  rae<lunHry  velum  and  the  lingula. 
Underneath  the  suiwrior  medullary  velum  form;;  the  roof 
of  the  aqueduct  which  is  Ixinnded  on  each  >^ide  by  the 
diverging  super  or  ped  ncte^  and  at 
this  point  widens  out  nto  tl  e  fouilh 
tvntnde.  The  co  n  cat  ns  of 
the  ventricular  eyaten  are  si  own  in 
Figure  3. 

The  floor  of  the  fourth  \entricle 
is  formed  by  tlie  rhomboid  fossa, 
and  beneath  it  are  found  the  struo- 
turea  of  the  medulla  oblongata, 
which  correspond  to  continuations 
of  the  crura  cerebri  (tegmentum  and 
cnista). 

The  roof  of  the  fourth  ventricle 
19  formed  by  the  inferior  verniiform 
procTOS.  Thetela  choroidea  inferior, 
a  process  of  the  pia  mater,  projects 
into  the  ventricle  from  behind. 

The  hemispheres  of  the  cerebel- 
lum, like  those  of  the  cerebrum,  con- 
sist of  a  superficial  cortex  of  gray 
matter  and  a  central  mass  of  white 
fibers.     They  are  subdivided  into  a 
great  number  of  small  convolutions, 
running  for  the  most  part  parallel  with  one  another  and 
grouped    into   lobules.      Each    lobule   communicates   by 
means  of  a  section  of  the  vermiform  process  with  the  cor- 
responding lobule  of  the  other  hemisphere. 

The  upper  surface  is  di\'idt'd  into  two  lobes,  the  lob.  sup, 
ant,  and  post,  (semilunaris),  connected  by  the  sujierior  ver- 
miform process  (lob.  central.,  mouticulus,  folia  cocum.lai&y 


Fig.  3. — Schema  of 
the  ventricles  (longita' 
diiialaection):c.a,  An- 
terior horn;  e.  «,  oella 
ntediB ;  c.  t,  descending 
hoTQ  ;  c.  p,  posterior 
horn  ot  lateral  ventri' 
a\e ;  V.  7/7,  thirf  ven- 
tricle; A.  S,  ftqvednctot 
Sylvius;    K /[■',  fourth 
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On  the  under  surface,  from  before  backward,  are  the 
following  lobules  :  flocculus,  tonsilla,  lob,  riinciformis,  and 
lob.  inf.  jwist.  Communication  isestablishwl  between  these 
lobiili's  l)v  means  of  the  inferior  vermiform  process,  the 
coiTCsjiomling  porlitins  being  the  no<iuliis,  uviihi,  pyramis, 
and  commlssnm  brovis.  In  the  interior  of  the  while 
mutter  uf  rhe  cerebellum  is  the  corpus  dentatum  cerebelij, 
and  in  the  white  matter  of  the  vermiform  process  the 
nucleus  tegmenti,  white  betneen  these  are  other  smaller 
masses  of  gray  matter  (embolus,  nucleus  globosiis). 

Passing  forward  from  the  white  matter  of  Uie  cere- 
bellmn  are  the  converging  superior  pdunclc's  that  have 
already  been  mentioned,  while  below,  two  bundles  of  white 
fibers,  the  middle  c«ret>ellar  peduncles,  piit^s  backward 
around  the  crura  cerebri,  uniting  at  ihc  base  of  the  brain 
to  aid  in  tlie  formation  of  the  pons  Varolii.  Finally,  the 
inferior  cerebellar  peduncles  pass  Imckward  to  the  me- 
dulla nlil(iii^r;ii:i  ami  form  the  restiform  tudies.  The 
superior  iH?<lnnclLT!  form  the  lateral  boiaidnrie*  of  the 
anterior  half  of  the  rhomboid  fossa,  while  the  restiform 
bodies  bound  the  posterior  half,  the  convergence  of  these 
two  bundles  of  white  fibers  ^ving  it  its  charucteristic 
rhomlKiid  shape. 

The  floor  of  tlie  fourth  ventricle  is  covered  with  a  thin 
layer  of  gray  matter  {central  gmy  matter);  the  center  is 
traversed  by  white  medullated  fibers,  the  stiiie  acustica;, 
which  meet  in  the  mi^dian  line  at  an  obtn-w  angle.  Under- 
neath the  layer  of  (rray  matter  are  the  continuations  of  the 
tegmental  structures,  while  the  8ncoee<ling  layer  is  formed 
by  the  structures  of  the  crui>tA  inclosed  and  surrounded  by 
the  pontine  fibers  derived  from  the  cerebellum.  In  the 
intervals  between  these  interlacing  bundles  of  fibers  are 
numerous  smaller  masses  of  gray  mutter  (nuclei),  and  this 
entire  collection  of  sti-uctures,  together  with  the  nerves 
which  emerge  iu  this  region,  is  inchide<1  in  the  ti'rm 
medulla  oblongata. 

At  (lie  base  of  the  brain  the  pyramidal  bodies,  consist- 
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ing  of  white  matter,  pmei^  at  the  inferior  border  of  llie 
poD.s  us  the  eontiniiiitions  of  the  criiiita.  They  are  flanked 
laterally  by  llie  olivary  bodies,  which  in  transverse  section 
appear  as  cniniplrd  l^'iivrs  uf  fjmy  matter. 

Below  the  oriL'ii:  "f  \\\i'  )iyi-iiniidal  bodies  the  floor  of 
tlie  fourth  v<>n!ricli'  niiiidly  (Uniinishes  in  width,  tlie  resti- 
form  bodies  converge  to  (brm  iiii  acute  angle,  and  the 
rlumilxiid  fo««i  terminates  in  the  calamus  scriptorius. 
At  its  iiifi-rior  angle,  or  obex,  the  ventricle  occupies  a 
dei'piT  position  in  the  substance  of  tlic  medulla  oblongata, 
ami,  disap()euring  altogether  from  tlie  surface,  merges  in 
tiic  central  canal,  which  occupies  tlie  center  of  the  spinal 
con.1  throughout  its  entire  extent. 

Shortly  before  their  junction  the  restltbrm  IhmIics  scjmi- 
rate  into  a  mesial  bumlle,  the  funiculus  gracilis  (tir 
funieiilus  of  Goll),  and  a  lateral  bundle,  the  funiculus 
cuneatus  (or  funiculus  of  Burdach).  These  mv  appar- 
ently c<'UliLiiied  uilliiiut  interruption  into  the  posterior 
columns  of  the  cord  tfunieulus  posterior).  Ventnilly  the 
pyramids  gradually  become  narrower  and  leave  the  sur- 
face to  enter  the  substance  of  the  medulla  oblongata, 
emerging  on  the  other  side  to  form  the  t/cciwwriiW  oj  Uir 
piframSflH.  Below  the  decussation  the  pyramids  unite 
with  the  ventral  portion  of  the  restiform  bodies,  wliich 
does  not  form  part  of  the  jxisterior  eolunnif,  to  form  the 
lateral  column  (funiculus  Intendis)  of  the  spinal  cord. 
The  anterior  columns  i-f  the  cont  aif  formed  from  struc- 
tures situiili-d  beneath  the  jiyr.iniids,  which  conic  to  the 
surface  l>elow  the  |)iiiut  where  the  pymniids  disappear 
(funiculus  anterior). 

In  the  spinal  coni  the  gray  matter  is  found  In  the  cen- 
ter, grouped  alxiut  the  central  canal,  being  the  contiflua- 
gray  matter  of  the  rhomboid  itissa.  It  wuisti- 
tutea  the  aiiUrior  and  pngfrfiw  lionm.  Thus  in  the  cord 
matter  and  the  ventrieuhir  system  occupy  a 
iition  and  lie  centndly,  while  the  while  matter 
the   periphery.      The   medulla  obluw^va.  ^Jisaati^ 
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gradually  becomes  converted  into  the  spinal  cord — more 
specifically,  the  cervical  portion. 

Let  us  now  bestow  a  cursory  glance  on  the  l)ase  ol' 
the  brain.  In  front  of  the  broad  prominence  formed 
by  the  pons  the  crura  are  seen  to  diverge,  having  be- 
tween them  the  iMJsterior  perforated  space,  and  imme- 
diately anterior  to  (lie  latter  the  two  whitish  eminences 
known  as  the  corpora  iilbicantia.  In  front  of  these  ia  the 
continuation  of  tJie  third  ventricle,  the  infundibulum, 
cajiped  by  the  pituitary  body,  occupying  the  angle  of  the 
optic  cliiasni,  formed  by  the  junction  of  tlie  optic  tracts, 
which  unite  at  this  point  aft^r  sweeping  around  the  crura. 

The  spinal  marrow  presents  a  cylindric,  whitish  cord 
about  as  thick  as  tlie  little  finger,  and  is  surrounded  by  the 
meningrs;  it  is  contained  in  the  spinal  c^nnl  and  extends 
to  tlie  upper  border  of  the  second  lumbar  vertebra.  It 
gradually  diminishes  in  diameter  from  above  downward, 
and  forms  two  enlargements  :  the  cervical  enlargement,  at 
the  level  of  the  fifth  or  sixth  cervical  vertebra,  and  the 
lumbar  enlargement,  at  the  level  of  the  twelfth  thoracic 
vertebra.  The  enlargements  are  produced  by  an  augmen- 
tation of  the  central  gray  substance  contained  in  the  ante- 
rior and  posterior  horns.  ^  The  portion  between  the  two 
enlargements  is  known  as  the  thoracic  cord,  and  the  ter^ 
minal  portion  is  designated  the  coniis  niedullaris. 

The  two  anterior  columns  of  the  cord  are  separated  by 
a  deep  fissure,  the  anterior  longitudinal  sulcus,  which  con- 
veys the  blood- vessels.  Between  the  posterior  columns 
is  the  rudimentary  posterior  longitudinal  sulcus,  from 
which  the  septum  dorsalis  takes  its  origin  and  extends 
into  the  substance  of  the  cord. 

The  thre^  columns  of  the  cord  (anterior,  lateral,  and 
])osterior)  surround  the  gray  matter  in  the  anterior  and  poB- 
terior  horns,  as  has  been  previously  described.  The  col- 
umns and  boms  (father  terminate  in  the  conus  niedullaris, 

'  Tlie  enlargements  ooireapond  to  the  situations  where  the  nerves 
anpplving  the  extremities  moke  their  exit  from  the  spinal  oord. 
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in  whicli  the  lateral  column  ia  the  largest  and  the  anterior 
column  is  reduced  to  u  niirrow  fusciculus.  In  the  terminal 
portion  of  the  coi-d  the  gruy  matter  exceeds  hi  amount 
the  white  matter,  while  the  opposite  condition  prevails  in 
the  cervicii!  enlargement. 

At  the  surface  of  the  bmin-stem  and  t>pina1  cord  fibers 
from  the  wliitc  matter  unite  to  form  larger  biin<(lea,  which 
make  their  exit  as  the  peripheral  nerves. 

The  nerves  are  divided  into  twelve  pairs  of  cranial  and 
thirty-one  pairs  of  spinal. 

With  the  exception  of  the  fourth,  the  twelve  pairs  of 
cranial  nerves  emerge  at  the  base  of  the  brain  in  the  fol- 
lowing oixler : 

1.  Olfactory  Nerve. — The  nerve  ia  form«l  by  the 
union  of  the  numerous  small  nervuli  olfactorii  which 
traverse  the  cribriform  plate  of  the  ethmoid  bone.  The 
fibers  enter  the  olfactory  bulb,  which  is  lodged  in  the 
straight  sulcus  at  the  liase  of  the  frontal  lobe.  Tlie 
ol&ctory  bulb  extends  backward  as  the  olfactory  tract,  and 
terminates  in  the  tuber  ulfactorium,  which  is  situated  in 
front  of  and  a  little  laterally  from  the  cliiasm.  The 
olfactory  tnict  in  man  represents  a  rudimentary  portion  of 
the  brain,  which  in  some  animals  develops  into  a  lobe  of 
considei-.ililc  size  and  mass.' 

2.  Optic  Nerve. — After  leaving  the  eyeball  the  two 
nerves  coiivei-ge  and  enter  the  chiasm,  where  they  uudci^o 
a  partial  decussation  (tlie  larger  nusal  bundles  decussate). 
From  the  chiasm  the  optic  tracts  sweep  backward  over 
the  eerebrai  peduncle  and  ascend  to  the  lateral  p^nieiilate 
body,  in  which  they  apparently  disappear. 

3.  Oculomotor  Nerve. — It  takes  its  origin  beneath  the 
corjorii  quadrigeniina  in  numerous  bundles  of  nerve-fibers 
which,  after  traversing  the  substance  of  the  tegmentum, 
emerge  at  the  superior  border  of  the  pous  between  the 
converging  crtifu. 

,  it  differs  from  Ihe  other 
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4.  Trochlear  Nerve. — After  emeipng  on  the  dorsal 
surface  heiiiml  tlu'  postj^rior  corpora  quadrigemiiui,  it  un- 
(lei^K's  tDtiil  ilc'ciir-satioii  in  the  iiKiIiiliary  velum.  tVnm 
whieli  {Hitiit  it  desceutk  toward  the  lia^  of  the  bniiti  iiiid, 
sweepiiiff  over  the  cms,  taktw  uii  anterior  coiirae. 

5.  Trifacial  Nerve. — It  is  fonn&i  by  an  unterinr 
motor  and  a  posterior  sensory  root,  ami  emerges  at  llie 
lateral  l)or(Ier  of  the  [wiis.  The  ]Ktsterior  root  forme  the 
Gasserian  ^i]g1!iin,  on  t!ie  distal  aide  of  which  llie  nervt- 
Bul)divi(ics  into  its  thrt'e  branches. 

6.  Abduceas  Nerve. — Its  deep  orijpn  in  in  the  fliHtr 
of  tiie  foiirtli  ventricle.  Tiie  fibers  traverse  the  nieilnllii 
oblonjpitji,  ami  the  two  iii'fve,-;  emer^-  jit  the  inftTior  border 
of  tlie  pons  to  the  outer  -itle  "f  llie  pyniniids. 

7.  Facial  Nerve.  — It  eourgrs  in  cijiinnon  with  liie 
followiiif;  nerve  iit  the  iulLriiir  bonier  of  the  pons  on  the 
onter  >i<li.  of  tin.  oliviiry  IxkIv. 

8.  Auditory  Nerve. — The  nerve  uriseH  by  two  roots, 
the  vestiliiihir  nerve  (anterior  median  nx)t)and  the  eoohlear 
nerve  (jKislerioi-  hitei-ji  rotjl),  and  emei^is  from  the  Itase 
of  the  brain  in  cuinpiiiiy  nith  the  fueial. 

9.  Glossopharyngeal  Nerve,  ami — 

10.  Pneumogastric  Nerve. — ^Theso  nerves  omei^  to- 
gclliei-  bil.iw  the  n'-tiloiTu  body  by  mnnerons  roots.  The 
g!o>-Hipliaryii^:r;il  li>riii.-;.  lie>ides  uiber  gjinjrlia,  the  petro- 
sal i^iuiglioii ;  the  piK'iiiiiopisirii;  iiirms  the  jngidar  gan- 
glion. 

11.  Spinal  Accessory  Nerve. — It  arises  by  a  number 
of  nrots  from  the  npper  piirli<in  of  the  eervieal  enlai^e- 
ment  and  meihdla  oblongata,  and  nnikes  its  ap))earanee  at 
the  lateral  column.  Its  intenial  branch  joins  the  pneu- 
mogastric. 

12.  Hypoglossus  Nerve. — It  arises  between  the  pyr^ 
amids  and  olivary  IxMly  by  numerous  fibers. 

The  spinal  nerves  are  divided  into  eight  wrvieal,  twelve 
thorai'ie,  five  lunilmr,  five  sacral,  and  one,  or  mrely  two, 
coccygeaX  pairs.     Their  "roots"  arise  in  the  main  from 
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the  corresponding  a^meiits  of  the  cord — that  is,  from  the 
eight  cervical,  twelve  tlionicic.  five  lumbar  segments,  etc. 
Each  nerve  arises  hy  two  roots,  wliieh  Ien\e  tlie  spinal 
cord  separately.  The  anterior  motor  roots  einei^e  be- 
tween the  anterior  and  Uiteral  eolumn.s,  while  thi'  posterior 
sensory  roots  leave  the  cord  lietween  the  hitenil  eohitiui 
and  the  po-terior  column.  IJefore  llic  two  rods  l»(i>itie 
nnited  in  tlie  nerve  the  jwisterior  mot  hirins  a  no<!i'-like 
enlargement  —  the  intervertebral  eonglion  —  which  is 
lodged  in  the  intervertebral  foramen.  The  nerves  for  the 
neck  and  extremities  form  numerons  anastonioses  with 
eacli  other,  and  tlms  prodnce  the  nervous  plexuses  (cervi- 
cal, brachial,  lumbar,  sacral,  etc.)  before  they  are  distri- 
butee! to  the  soft  parts.  Strictly  speaking,  the  periplieral 
nerves  originate  in  these  plexnses.  From  this  urrangement 
it  follows  that  the  peripheral  nerves  contain  mixed  fibers 
from  the  anterior  and  posterior  roots  of  several  spinal 
segments.  (See  Plate  27.)  The  nerve-roote  for  the  lower 
extremity,  owing  to  their  high  origin  at  the  level  of  the 
first  lumt«ir  vertebra  (w-e  Platf  27).  continne  their  down- 
ward course  thniugh  the  iiitervertehml  foramina  for  a 
certain  distance  l>efoif  tlicy  make  iheir  exit,  at  first 
accompanying  the  cimuis  medullaris,  and  lower  down  form- 
ing the  caiida  e(|iiin:i. 

The  gangliated  cord  of  the  sympathetic  consists  of  a 
series  of  small  ganglia  arranged  along  the  anterior  surface 
of  the  vertebral  column.  The  highest  of  these  are  the 
snperior,  middle,  an<l  inferior  cervical  giinglia,  the  ganglia 
being  connected  with  one  another  by  blender  bundles  of 
nerve-fibers.  The  ganglia  are  joinetj  hy  numerous  nerve- 
fibera  derived  from  the  cranial  nerves  and  from  the  spinal 
plexuses.  The  main  tnuik  of  the  sympathetic  Icrniinates 
on  the  coccyx  in  the  ganglion  impar.  The  sym[Nit|]c(ic 
nerves,  after  emei^ing  fnnu  the  main  trunk  nnil  its  giin- 
glia, either  follow  the  liloml-vi'^sels  or  join  the  cmuial  and 
Bpinal  nerves  and  are  distributt^d  to  the  organs  which  they 
supply — namely,  all  smooth  uiuscte-tibeT$..     ^V««^  o't  '^■« 
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first  unite  to  form  plexneics  in  the  neighborhoul  of  &e 
viscera  (winliac,  mesenteric,  intestinal  ganglia,  elc). 

Tlic  arteries  tliat  siijiply  tin;  brain  are  tlerivetl  from  the 
internal  carotid  and  vertebral  arteries  and  llie  artcnal 
circle  of  Willis,  whicli  \^  liiriLici!  liy  their  anastomoses. 
(See  Plate  5.)  The  hriiiiehes  ul'  tlie  circle  of  Willis, 
which  occupy  the  pia,  are  the  following  :  Art.  corp.  callosi 
(corjius  callosum,  median  surlacc-s  of  the  hcmi^plierL>e) ; 
art.  fosse  Sylvii  (tissues  surrotuiding  the  fo:ssii  and  basilar 


Pipiires  4  and  5  nhow  the  blood  supply  ;  fiimre  5  Ihat  of  the  art. 
fo»«  %lvii  (A.f.S.  I,  which  RupplieH  the  bnHal  Ksiiglin  and  the  inner 
cnfisule  (H.I.Ht,  art.  lenticnlostruita.  a  very  imporUint  liranob  in 
pathologic  lesintis).  FiRUre  4  represents  a  tranwvert*  section  o!  the 
spinal  curd  with  ils  hlood-vea»els.  Note  the  manner  in  whieh  the  gray 
Bubetance  is  supplied  by  the  art.  mlci  anteri'ir. 

ganglia)  ;  art.  choi-oidca  (ventricles) ;  art.  profunda  (occip- 
itiil  and  tein|»oml  lobes),  etc.  The  blood-vessels  that 
supply  the  central  white  matter  of  the  brain  are  so-called 
end  vessels — that  i.s  to  siiy,  their  anastomosis  is  not  suf- 
ficient to  permit  neighboring  vessels  to  establish  eoUutenU 
circulation.  The  cortical  arteries,  however,  which  enter 
from  the  \i\a  anastomose  freely  with  one  another. 

'I'lio  'f  the  spinal  cord  are  derivetl  partly  from 

tl»^  jries — an.  6\)\na.l.,  ant.  and  post. — and 
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partly  from  the  intercostal  arteries.  They  enter  tlie 
conl  from  all  Jirections,  hut  espetiiilly  through  the  ante- 
rior longitiid  iiiul  sulcus,  and  are  also  end  vessels — that  is, 
they  end  blindly. 

The  i-eliiruiiig  hhxxl  from  the  brain  is  curried  by  the 
pial  veins  into  the  venous  sinuses,  wliich  empty  into  the 
internal  jugular  vein.  The  blood  from  the  third  ven- 
tricle is  collected  by  the  veins  of  Galen. 

The  veins  of  the  spiiial  cord  anastomose  freely  with  one 
another  find  form  Breschet's  venous  plexus,  wliioli  snr- 
roimds  the  dum  mater. 

The  lyniplialic  channels  of  the  brain  and  spinal  cord 
(the  external  coat  of  the  vessel  forms  the  '■adventitions 
lymphatic  sheath")  communicate  with  tlie  lymph-spaces 
formefl  by  the  meninges.  The  ventricles,  therefore,  arc  in 
direct  communication  with  the  sulmrachnoid  space  and 
contain  the  cerebrospinal  fluid. 

The  nerves  nf  tlie  piu  and  dura  are  derived  from  the 
sympatbetic  system,  with  the  exception  of  some  in  the 
dura  which  arc  branches  of  the  sensory  jHtrtion  of  the 
trifacial  ner\'c. 
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TiiE  central  nervous  system  is  derived  from  tlie  ecto- 
durm.  Ill  the  center  of  tlie  germinal  area  two  ("  medul- 
lary ")  Inlds  of  eutnderraic  tissue  make  their  appearance, 
iiiid  ;i>  tiny  !i|>|U(iach  each  other  dip  down  to  form  the 
medullary  groove.  This  groove  is  later  eonverteii  into 
the  medullary  canal  1>y  (lie  union  of  the  medullary  folds 
along  the  dorsal  lijie.  The  neuroglia,  or  tiustcntacular 
tissue  of  llie  MiTvoii'  r-y:-tein,  and  the  essential  nerve  eub- 
stance  are  devc'lopeil  from  the  epithelial  layers  which  form 
the  lining  of  this  neural  canal.  The  meninges  and  blood- 
vessels are  derived  fmni  the  mesoderm. 

Laterally  and  dorsally  from  the  medullary  groove  a  row 
of  cells  (the  ganglionic  coni)  makes  its  apjiearance  and 
later  osi^umes  a  position  by  the  side  of  the  me<lulhiry  canal 
along  its  entire  extent.  These  masses  of  cells  are  the 
ancestors  of  the  intervertebral  giuiglia  and  the  homologous 
ganglia  of  the  sensory  cranial  nerves  (olfactory,  Gasserian, 
cochlear,  jugular,  petrosal  ganglia,  etcj. 

Thf  nasal,  c!ul)-like  extremity  of  tlie  medullary  canal 
diiiiii:;  ihi-  fii-st  emhryounl  month  expands  into  three 
primary  brain  vesicles,  the  first  and  the  third  of 
"-i'l>-li  siM.u  subdivide  into  two  secondary  compartments: 
ry  forebrain   (sulKlividing   into    the  j'oi-ebrain 
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antl  inter/train),  tlie  midbrain,  and  the  hindbrain  (the 
latter  subdividing  into  the  hlndbniiji  and  tlie  iificriirain) ; 
from  these  three,  or  more  correctly  five,  primary  vesiclee 
the  entire  brain  is  later  dcvclo[>ed.  The  cavity  of  the 
medullary  oanal  beoomea  converted  into  the  ventricnlar 
system,  and  the  thickened  walls  of  thf  tanal  and  of  tlje 
vesicles  eventuidly  form  tlie  structures  of  the  spinal  cord 
and  brain. 

By  the  ingrowth  of  the  falciform  process  of  the  dura, 
invaginating  the  roof  of  the  bruin  vesicle  (pallium),  the 
forebrain  is  divided  into  two  lateral  halves  (primitive 
cerebral  hemispheres),  which,  by  virtue  of  their  more 
ra]jid  growth,  soon  overlap  all  the  other  pi>rtions  of  the 
brain.  Tlie  thickening  of  the  walls  of  the  forebrain 
vesicle  results  in  the  formation  of  the  cortex  and  ci.'rel)TaI 
medulla,  while  its  primarj-  cavity  is  converted  into  the 
lateral  ventricle,  into  which  the  primitive  corpus  striatum 
projects.  The  latter  eventually  unites  with  the  lateral 
wall  at  tlie  external  capsule,  while  the  median  surface 
remains  free  (caudate  nucleus). 

The  derivatives  of  the  lateral  waU  of  the  forebrain  are 
the  cortex  and  white  matter  of  the  convex  snrfacea,  the 
outer  ca[>sule,  the  caudate  nucleus,  and  the  putamen  of  the 
lenticular  nucleus.  The  derivatives  of  the  meeUd  wall  are 
the  globus  pallidus  of  the  lenticular  nucleus,  the  lamina 
cornea,  fornix,  septum  lucidum,  and  nervi  Lancisi.  The 
internal  cajwule  is  formed  later  by  union  with  the  opt^ 
thalamus  at  the  neural  end  plate. 

At  the  median  surface  of  tlie  vesicles  which  fiirm  the 
hemispheres  the  corpus  callosum  makes  its  appearance, 
and,  bridging  over  the  median  line,  unites  with  the  cor- 
responding structure  of  the  opposite  side. 

The  earliest  fissures  and  convolutions  are  formed  l>etween 
the  second  and  third  months  by  invaginations  of  the 
cortex,  the  fissure  of  Sylvius  being  the  first  to  nmke  its 
appearancf.     (See  Plate  16.) 

From  the  interbrain  are  derived  the  optic  tKalRmi. -sM. 
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the  other  structures  surrounding  the  cavity,  which  later 
becomes  the  third  ventricle  (pituitary  body,  conartutn, 
olfuotory  tract,  optic  tract).  The  optic  thalamus  unites 
with  tlie  posterior  segment  of  the  corpus  striatum  ("  stalk" 
of  the  optic  tliulamus),  the  union  being  effected  liy  metiDS 
of  cells  and  their  pnicesses,  which  grow  out  from  the  optic 
thalamus  at  the  end  plate.     Thus  there  is  at  this  point  a 
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It  a,  ia  the  primary 
cnvitr  oF  the  cerebral  vesicle;  to  the  right,  at  s',  is  seen  the  union 
liHw'een  the  corpns  striatam  (c.  str. )  aud  nptio  thalamus  (thai,  opt), 
which  torniB  the  lateral  ventricle  I  v.  1)  and  itsdescendiMK  curtiu  (v.  i). 
pi.  cti,  Tela  choroidua;  v.  Ill,  third  veiitricii^:  pa11,  pallium  (roof  of 
the  forebraJD,  wliich  later  develops  into  the  oirli'x  and  white  matter 
of  the  hemispheres). 

direct  communication  between  the  forebrain  aud  the  inter- 
brain. 

From  tlie  midbmin  are  formed  the  cor|X)ni  qiudri- 
geniina,  tef^menlura,  and  crusta,  while  the  primitive  cavity 
forms  the  aquetlnct. 

The  hindbrain  later  becomes  the  cerebellum,  and  the 
afterbrain   is  eventually  converted  into  the  medulla  ob- 
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Owing  to  tliL'  mort!  rapid  growth  of  the  cerebral  vesicles, 
especially  of  the  ibrebram,  the  following  flexures  are 
formed ;  In  the  afterbraiu  the  cervical  flexure  (ventral) ; 
in  the  hiadbrain  the  pontine,  met«ncephalic,  or  frontal 
flexure  (dorsal) ;  and  in  the  mid-  and  interbrain  the  ven- 
tral, posterior,  and  anterior  cranial  flexures. 

Microscopic  exaniination  of  the  central  nervous  sys- 
tem sliows  that  it  is  composed  of  two  kinds  of  tissue, 
the  siistentacular  substance  (neuroglia)  and  the  nerve  sub- 
stance, consisting  nf  cells  and  fibers  embedded  within  it. 
Both  tissues  are  derived  from  the  ectodermal  epithelial 
cells  which  line  the  neural  canal.  The  spongioblasts  pro- 
liferating within  the  eentml  canal  send  out  numerous  fibrils 
in  all  directions  which  unite  in  a  delicate  network  and  thus 
form  the  glia  cells  (.^piudle  cells,  astrocytes).  Another 
portion  of  the  epithelial  cells  in  the  neural  canal — the 
neuroblasts — develops  into  germ  cells,  which  send  out  first 
a  long,  thick  process,  and  later  numerous  smaller  arbor- 
izations from  which  the  ganglion  cells  and  nerve-Gliers  are 
formed.  Aggregations  of  these  germ  cells  are  found  in 
certain  regions  of  the  central  nervous  system,  as  in  the 
entire  cortex  of  the  cerebrum  and  cerebellum  and  in  the 
basal  ganglia,  which  must  be  regarded  as  modified  por- 
tions of  the  cortex.  They  are  also  found  in  the  optic 
thalamus,  the  corpora  quadrigemina,  et<^^.,  and,  finally, 
below  the  midbrain,  surrounding  the  central  canal  and 
extending  down  to  the  lower  extremity  of  the  spinal  cord, 
where  they  are  collectively  termed  the  ofnlral  nuelear  layer. 

The  remaining  portions  of  the  central  nervous  system 
are  forrae<l  chiefly  by  the  long  processes  of  these  cells. 
Together  these  form  the  medullary  or  white  matter,  while 
the  cell  aggregations  represent  the  ancestors  of  the  gray 
matter. 

The  term  neuron  {t&  nupnv,  nerve  unit)  comprises  the 
nerve-cfl/  idlk  its  entire  nertv  proeefut,  including  all  its  con- 
nections. 

The  long  procetises  from  the  ganglion  cells  in  the  t^tc- 
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brul  cortex,  basal  gauglia,  and  optic  lliahiuii  begin  anil  end 
within  tlie  central  organ — they  iiiv  central  neurons.  Tliu 
from  tlie  cells  gixniiH-^I  about  tlie  c*ntral  caual, 
however,  in  (titrt  leave  the  wiilnil  organ  and  nin  toward 
the  periphery  of  the  bixly,  or  ihey  originate  in  the  jieriph- 
eral  spinal  gungtiu  iind  grow  iutu  the  central  organ — they 
are  peripheral  neurons.  The  latter  fonii  the  motor 
crankd  nen-rx,  which  grow  out  from  the  mid-  and  hind- 
brain,  and  the  motor  «piiial  nfrvrg,  which  originate  in  the 
ventnil  nuclear  layer  of  tlie  spinal  cord  and  emci^  from 
the  anterior  horn  as  the  anltrhr  ntoli'.  These  last  repre- 
sent tile  long  processes  of  the  ganglion  cells  »ituatetl  in  the 
anterior  horns. 

The  development  of  the  peripheral  sensoiy  nerves  is  the 
exact  reverse  of  this.  They  originate  in  the  iW/»  of  Vie 
epiiHil  ganglia,  and  enter  the  dorsal  nuclear  layer  of  tJie 
apinal  cord  in  the  pasteriiir  horn — sensory  spinal  nerves. 
In  the  same  way  the  sensory  cranial  nerves  originate  in  the 
GJasserian,  cochlear,  petrosal,  and  jugular  ganglia,  in  the 
retina,  and  in  the  ol£ictory  niuctms  membrane,  which  are 
the  analogues  of  the  spinal  canal,  and  enter  the  snl>stHnoe 
of  the  brain  (olfactory  bulb,  midbrain,  afterbrain).  At  the 
same  lime  another  peripheral  process  grows  out  fmm  each 
of  these  cells  and  runs  to  the  skin  as  a  peripheral 
sensory  nerve.  This  neuron,  therefiire,  h;is  il>  cell  u|>- 
proximately  in  the  middle  of  its  course.^ 

The  npuroijlast-'  gradually  become  converted  into  gan- 
glion cells,  and  their  processes  may  gi"ow  to  a  considerable 
length — in  some  cases  to  one  meter,  Alwjut  the  fifth 
monih  tiieso  piiM*sses  l>e*'onte  oovered  with  a  layer  of  dcli- 
iiite  »liilish  modullani'  sulistance,  which  accompanies  the 
pr<Ki^'-^s  thnnighout  its  entire  extent — in  other  words, 
vietluilation  begins  to  tJike  place.     Every  long  prot.ess  re- 


'  We  iHim  from  potiipariiHve  anatomy  that  as  \ 
aDimill  scsle  the  celt  of  the  periplieriil  wiisory  neui 
e  nnii  morp  toirard  the.  Hpimil  e»nsliH  fron 
skin. 
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ceivea  such  a  covering  or  medullary  sheath  ami  llms  be- 
comes a  f'imctionatiiig  oen'e-fiher. 

M<?dullatioQ  occurs  at  diSereut  times  iu  the  dilferent 
neuron  plexusics.  It  begins  during  the  fifth  fetal  month, 
as  has  beori  stated,  and  continues  to  adult  life ;  successive 
portions  of  the  process  l)eeome  covered  with  the  medullary 
substauoe,  which  gives  them  their  cliaract^ristic  M'hite 
color.  The  rule  is  that  those  nen-e  paths  which  first 
become  functional  first  undeipi  medullation.  Thus  the 
l»eriplier!il  reflex  ]Kiths  are  the  first  to  become  medullated, 
the  senwiry  centfid  oonduction  paths  l)eii)re  the  motor,  the 
I)eriphenil  paths  before  llie  central,  the  projection  libers 
before  the  aseociiition  filjei-s,  etc. 

Medullation  begins  in  tlie  fifth  embryonal  month  in  cer- 
tain portions  of  the  spinal  cortl  and  brain,  whicli  are  most 
important  from  a  pliylogenetic  jwint  of  view.  In  the 
hemispheres  medullatiim  does  not  begin  Irefore  the  ninth 
month,  the  tegmental  radiation  connecting  the  superior 
parietal  with  the  posterior  central  g>'nis,  and  the  optic 
radiation  t)eing  tlie  first  to  become  medullated.  The  pyr- 
amidal tract  and  a  part  of  the  column  of  GoU  in  the  spinal 
column  are  nonmetlullafwl  at  birth.  In  the  brain  medtil- 
lation  logins  at  birth  in  the  pi-ojection  fibers  and  continues 
to  the  third  month  (centnd,  occipital,  temporal,  liippo- 
campal  convolutions).  In  tlie  frontal  lobe  and  inferior 
portions  of  the  parietiit  and  teni{)onil  loiter  medullation 
does  not  Ix^in  until  later  (from  the  fitHi  to  the  ninth 
month). 

The  fully  forme<l  neuroglia  consists  of  numerous  small 
cells  {supporting  cells,  glia  cells)  the  pntcesses  of  which 
form  a  close,  delicate  network  of  innumerable  filirils,  in 
which  the  ganglion  cells  and  ner\'e-fibcrs  are  emliedded. 
The  original  epithelial  cells  jicrsist  as  thceiwiidyma,  which 
lines  the  walls  of  the  central  canal  and  ventriculiir  system. 

Fully  matured  ijamjUon.  celU  consist  in  part  of  large 
cells,  which  may  have  various  forms,  but  all  jmssessing  a 
distinctly  marked,  nucleus,  while  their  protoplasm  ixui.^  Vife 
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variously  luoditietl  and  is  often  Uie  seat  of  pigmeDtatioD  : 
in  part  of  small  crauial  cells  consisting  almost  exclusively 
of  nuclear  substance.  Tiie  cells  twuJ  out  proces,ses  in  all 
directions,  liome  oi'  wliicli  form  a  rich  arborization  in  the 
immediate  neiglilMjrhtmd,  tbus  incroajsing  the  sphere  of 
uctiou  of  the  cell-body  (dendrons  or  protoplasmic  pro- 
cesses), nnd  a  single  pr<M%6s  which  aii.-^eiK  as  the  above- 
mentioned  process  of  the  neuroblast  and  later  is  known  as 
the  axis^ylinder  process. 

After  it^  exit  from  the  ganglion  cell  this  axis-cylinder 
proecAS  becomes  niedullated,  and  is  then  known  as  a  nerve- 
fiber.  The  ner\'e-fiber,  therefore,  consists  of  an  axial  fila- 
ment, which  in  turn  is  composed  of  numerous  single 
fibnilie  and  an  investing  loftiuffarff  sheath  arranged  in 
s^raents.  At  its  point  of  exit  from  the  central  oi^an 
the  nerve-fiber  {periplieral  nerve)  Ijecomes  invested  by  an 
additional  delicate  envelope  out-fide  of  the  medullary 
sheath,  which  is  known  as  the  aliea/h  of  Schwann,  primi- 
tive sheath,  or  neanlemma.  The  length  of  the  axis- 
cylinder  proces,s  varies  greatly,  but  it  always  ends  by 
splitting  up  into  terminal  fibrils,  although  it  may,  at  vari- 
ous levels,  give  off  lateral  twigs,  or  coUa/eraU,  wliich  also 
break  up  into  terminal  fibrils.  Cells  provided  with  a 
long  proi-ess  (Deiters'  tyi»e)  gradually  preponderate  over 
those  whose  processes  are  sht>rt  and  break  up  into  their 
terminal  filirils  in  the  immediate  vicinity  of  the  cell  (Golgi'a 
cells). 

The  gnngliou  cell  with  its  dendrons  and  the  axis- 
cylinder  with  its  terminal  fibrils  together  form  an  anulomic 
and  physiologic  unit — a  neuron.  Every  nen'ous  pathway 
ia  made  up  of  a  series  of  such  neurana,  communiiating 
with  one  another.  Tliere  does  not  appear  to  l>o  any  direct 
anatomic  continuity  in  these  neurons,'  which  communicate 

>  Tlie  doctrine  ot  the  neurons,  eapecinlly  the  hinbilnuic  conditions 
SB  we  have  just  described  them,  luu  reoenll,v  been  atlaokcd,  with  some 
show  of  renson.  Some  ohservera claim  to  have  discovered  anastomoew 
between  the  neumn!i.  and  tix\)v<:;\indera  taking  their  oripa  in  plexoaet. 
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with  one  auotlier  vei-y  much  like  cog-wheels,  the  termiDal 
fibrils  of  the  axis-cyliniler  of  oue  neurou  iusertiog  theui- 
Belvea  between  the  arborizations  of"  the  wUs  (deiulrons)  of 
another  neuron.  The  brain,  spinal  cunl,  periptierul  nerves, 
and  sympathetic  system  are  composed  exclusiveiy  of  ueuroaa 
of  this  character  and  their  "  articulations." 

The  transmission  of  an  impulse  from  one  neuron  to  an- 
other is  probably  effected  by  some  form  uf  movement  in 
the  terminal  fibrils.  The  impiil^  is  carried  away  from 
the  cell  in  the  axis-cylinder  and  toward  the  cell  in  the 
dendrous.  Every  neuron  probably  acts  in  relation  with 
several  others  (iiit^rme<iiate  neiimns),  the  most  extensive 
communication  l>eing  made  [Kissible  by  the  innumerable 
dendrons  and  coUiiterals. 

The  gray  matter  of  the  ner\-ous  system  (cortex,  gan- 
glia, basal  nuclei)  is  composed  of  the  supporting  neun^g- 
liar  tissue,  the  ganglion  cells  with  tlieir  dendrons,  and 
more  or  less  numerous  nerve-fibers,  both  niedulluted  and 
Don  medulla  ted  {pjile  or  Remak's  fibers). 

The  white  matter  (medulla  of  the  hemispheres,  cor- 
pus callosum,  inner  capsule,  cerebral  peduncle,  columns  of 
the  spinal  cord,  and  peripheral  ner\'es)  consists  of  medul- 
lated  ner\'e-fil>era  only,  the  color  and  consistency  of  tlie 
substance  depending  on  the  presence  of  this  medullary 
envelope. 

A  better  idea  of  the  minute  microscopic  structures  of 
the  various  jinrtions  of  the  centrjd  ner\'(iu.s  system  than  can 
be  given  by  a  mere  description  will  be  obtained  from  a 
study  of  plates  17  to  26  and  their  explanations  and  from 
the  drawings  in  the  text. 

It  now  remains  to  give  a  short  account  of  the  internal 
connections  between  the  varif>us  jtortions  of  the  central 
nervous  system. 

The  filters  which  form  the  centrum  semiovate  begin  and 

This,  however,  has  nnt  hecn  definiwlj  proved  in  the  ense  o(  man. 
The  near  fotnre  will  uodonhwdly  bring  (orth  ninny  modificaliona  of 
the  doctrine. 
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eud  in  the  cdMiir  iayera  oj  the  mrU-.r.      They  are  dividod 
into  three  systems. 

1.  The  Commissural  Fibers. — These  t'urui  the  greater 
purt  of  the  central  whit*  mutter  of  the  corpus  caHosuni 
and  conuecrt  symmetric  itrejL-*  of  the  eonvohitious  of  the 
two  hemispheres  with  each  other,  ^  Those  portions  of  the 
cortex  that  are  not  connected  by  tlie  filjere  of  the  <«)rpus  cal- 
loHum — namely,  the  inferior,  temiHinil,  and  occipital  Winvo- 
iutions,  and  the  olfiict<iry  lobe — communicate  with  one 
iinother  by  meims  of  the  deep  anienor  coinminsure. 

II.  Association  Fibers. — These  are  composed  of  bundles 
of  white  filwrs  comiecting  tiie  individual  couvolutions  of 
the  same  hemisphere.  The  connertion  between  adjucent 
convolutions  and  lobes  is  estidilished  by  means  of  the 
fibrvB  prtiprice,  while  more  remote  convolutions  and  lobes 
communicate  with  each  otlier  by  means  of  the  ithort  and 
long  asaociathn  bund/en.  These  fibers  pass  from  convolu- 
tion to  convolution  within  the  hemisphere.  As  they  enter 
the  central  medullary  substanw  they  are  eollecfed  into 
larger  bundles,  which  aguin  subtlivide  in  the  more  remote 
portions  of  the  cortex.  The  most  ini|}ortant  association 
bundles  are : 

1 .  The  cingHlmn,  placed  immediately  above  the  corpus 
callosum  and  uniting  the  gj'rus  fomicatus  with  the  gj'rus 
hipiH>canipi  (association  patlis  for  the  olfactory  n('^^■e). 

2.  Fancii^i/iiH  iinclnaiiin,  Iwtween  the  inferior  frontal 
convolution  and  tlie  temimral  lol>e, 

3.  F<i«ciciihis hngltudinatiH  infeiior, between  the  <HKripital 
and  temporal  lolies. 

4.  FaneicnhiK  luiigiliidiimlls  mjir.rmr  (arcuatns),  connects 
the  frontal  lobe  with  the  [>arietul  and  also  with  the  tem- 
poral lobes. 

5.  Faaciniliin  (Keipitofronlatin  (tapetiim),  connecting  the 

'  It  \a  prohatile  thai  the  onrpiia  callnnnm,  in  adilitinn  to  tlie  coni- 
missiinil  Ahen,  hUvi  oontainii  HsaiwiHtinn  tihrra  cnnmt'linK  the  two 
heniivphrir.^  Many  of  th*  HIhth  of  tlie  corpus  mllosntn  ore  probably 
mere  coi/fltprsla  derived  Irom  ttie  \tinghuodlea  o(  aasociation  flbera. 


frimtul  Mte  with  tlie  (K-cipital  iiiid  toni|xiral.  In  the 
frontal,  [Kiriptjil,  and  occipital  Inlws  the  ji-wwiatinn  bundles 
(■(inmi-tiiig  fliftiTont  parts  of  the  Siuiie  1i>1k'  aii<l  the  other 


Fi^  7  and  8.— The  long  naaociatiou  Qhera.  Figure  7  shows  tha 
bnndleii  couUiineil  in  the  Literal  white  subsiaurat  of  tiiQ  hutiiu|ilien?s  ; 
flgure  rt,  those  in  thu  mesial  white  nintI<T.  At  the  upper  Imrder  » 
few  abort  amociotion  bundles  are  shown  diagiaDiioatiaallj. 
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portions  of  tlie  cortex  on  the  same  side  are  especially 
numerous.  The  uecipibil  Inbc  also  contains  the  fasciculus 
rectu.s  and  StSL-iculus  transversus. 

111.  The  Projection  Fibers. — ^Th&se  are  the  most  im- 
portant filjer  tnic't*.  They  cither  originate  or  end  in  every 
portion  of  the  unrtt-x,  especially  iu  the  convexity  of  the 
convolutions.  After  traversing  the  trausverp*  commissural 
and  longitudinal  association  fillers,  they  proceed  to  the 
deeper  portions  of  the  brain-stem  and  spinal  cord,  so  as  to 
establish  a  communicatiitn  between  them  and  the  cortex. 
The  term  corona  radiata  is  applied  to  the  entire  system  of 
projection  fibers,  ^ 

The  tracts  of  the  corona  radiata  are  divided  into  Mort 
and  long  fibers,  depending  on  the  point  at  which  their  axis- 
cj'linders  subdivide  into  terminal  fibrils.  The  fibers  of 
the  corona  radiata  are  collected  into  a  compact  bundle  in 
the  internal  capsule  (anterior  and  posterior  limb),  and  in 
their  subsequent  course  downward  they  lo^s  through  the 
striate  body. 

1.  Short  Fibers  oj  the  Corona  Radiata. — (a)  One  por- 
tion of  the  fibers  of  the  corona  radiata,  originating  in  all 
the  convolutions  of  the  cortes  and  being  contnined  in  the 
internal  capsule,  enters  the  optic  thalamus  as  the  anterior, 
posterior,  and  inferior  j>etluncles  of  the  optic  thalamus  and 
is  lost  in  the  substance  of  that  struirture  ;  others  spread 
out  over  the  surface  of  the  optic  thalamus  before  pene- 
trating its  substance  (stratum  zunale).  In  this  way  the 
optic  thalamus  receives  four  different  peduncles:  The 
anterior  peduncle,  from  the  frtjntal  lolte ;  the  superior 
peduncle,  from  the  frontal,  parietal,  and  temporal  lobes  ; 
the  posterior  peduncle,  from  the  temporal  and  occijiilal 
lobes  ;  and  the  inferior  peduncle,  from  the  temporal  loix;. 

(6)  Another  tract  of  fibers  leaves  the  anterior  limb  of  the 

'  Accordiu^  to  Fleoheig,  projectiuu  fibers  originate  only  in  Uie  oe 
teal  coiivoldtiuus,  in  the  occipital  and  f^mponil  lobes,  wbile  in  t 
other  1ol)es  iin\y  associatiun  lilKirH  bave  tbeir  tteginniog. 
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capsule  and  enters  the  caudate  nucleus.  (These  must  be 
regarded  as  association  fibers.) 

(c)  Finally,  a  bundle  of  fibers  derived  from  tlie  cuneue 
and  lingula  of  tlie  occipital  liilw  enters  the  posterior  segment 
of  the  posterior  limb  of  the  cupsule,  and  thence  proceeds 
to  the  primary  optic  centers,  and  to  the  pulvinar,  Literal 
geniculate  body,  and  anterior  corpus  quadngeminum. 
These  fibers  are  known  aa  Gratiolet'a  optic  radiation. 

S.  Thi-  Long  Fibers  of  Hu  (hrona  Radlaia. — These  are 
also  derived  from  all  jtarts  of  the  cortex  ;  they  enter  the 
intemul  capsule  and  prtweed  downward  to  the  subthalamic 
region  underneath  the  optic  thalamus,  and  thence  either 
into  the  tegmentjil  or  into  the  ventral  portion  of  the  cere- 
bral peduncle. 

(«)  TvffDienlnl  Fibei". — Their  exact  course  is  not  ]>er- 
fectly  known.  Some  of  them  enter  the  tegmentum  directly 
from  the  internal  cu{)sule  (posterior  limb),  others  ailer 
traversing  the  inner  r*gnients  of  the  lenticular  nucleus 
(lenticular  loop,  fillet  from  the  globus  pallidas)  and  break- 
ing through  that  portion  of  the  internal  capsule  whidi  lies 
to  the  mesial  side  of  these  structures.  The  fillers  either 
end  at  this  point  or  continue  downward  as  the  fract  of  the 
JUld  to  the  inferior  extreraitj'  of  the  medulla  oblongata. 
From  recent  investigations  it  ap|>eai's  probable  tliat  the 
fillet  is  interrupted  in  its  course  through  the  optic  thalamus. 
We  distinguish  a  mesial  and  a  lateral  tract  of  the  fillet 
(central  sensory  pathway). 

(6)  Tracis  of  flir  Criista. — All  those  fibers  of  the  corona 
radiata  which  have  not  left  the  main  body  of  tlie  tract  now- 
pass  from  the  internal  cjipsule  (anterior  and  posterior  limbs) 
into  the  crusta,  and  thus  leave  the  hemispheres  in  which 
they  originate. 

According  to  their  origin,  the  fibers  are  divided  intfl 
three  groups : 

o.  The  Mesial  Peduncular  Fibim. —  These  pnilinbly 
originate  in  the  cortex  of  the  frontal  lobe,  and,  after  tra- 
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versiag  the  anterior  limb  of  the  capsule,  eod  in  tlie  mesial 
ganglia  of  tlie  pons  (frontal  pontine  tract). 

)S.  The  iMhral  Paluncitfar  Fihem  {oval  linnille  — 
Tupck'j*  tmndle). — These  are  derivetl  from  the  tcni]ioral 
lobe.     They  pass  through  the  posterior  limb  of  tlie  I'apsiile 


^lO 


Fig.  fl.— Section  throaRh  the  frontal  lolie.  showing  the  hennaing 
of  tlie  iiioet  antiTior  hiindU'B  of  the  comtiii  niiliatit,  wlijrh  ooiiliiin 
the  flrat  liheraof  the  ]iyrniiiidii1  tmcl  |£):  c.  c,  Corpus  cullotium;  CI', 
oentnim  eemiosale  Viensscnii;  r.  n,  nntcrior  linih  of  the  internal  cap- 
Biile:  /.  I,  inferior  frontal  eonvolnlion  iIwbp  of  the  Ihini  frorital  con- 
Tolntiou—Qioior  speech  center).    For  the  other  letleis  oonanll  Plate  28. 

and  end  in  the  folliiteral  ganglia  of  the  jjona  (teniporo- 
oecipital  pontine  tract). 

r.    The  Middle  Pnlunmfar  inters.      . 

The  Pyramidal  Tract. — These  fibers  originate  in  the 
cortical  cells  of  tlie  eeutnd  convolutions  and  their  inune- 


diate  neigliborhiwid,  »nd,  utter  forming  part  uf  tlic  corona 
radiatu  (Fig.  9),  enter  the  internal  hijj.suIc,  where  they 
are  found  in  the  knee  and  in  the  anterior  tliird  of  the 
posterior  limt).  In  the  crusta  they  oeeupy  a  position  be- 
tween the  bundle.")  mentioned  under  a  and  ,*.  (See  Plate  68.) 
Tliia  portion  of  the  ventnil  (>e<linii-id!ir  fil>ery  enierfji's  lit 
the  posterior  l>order  nf  thi'  jxins  in  a  eonipaet  bnndle, 
known  as  the  pyramid,  and  continues  its  way  down  the 
spinal  cord  as  the  pyramidal  tract.     Most  of  the  fibers, 


Fig.  11).— Ptlicma  of  tin 


as  baa  already  lieen  i^tated,  undei^i  de<-us!intioii  and  (K'ciipy 
the  latt^ral  column,  while  the  smaller  unemsKed  |M>rliiin 
remains  in  tlic  anterior  column,  Thi^i  tract  contains  the 
longest  filfers  of  the  corona  radiata,  and  cuu  be  foll<j;k'cil  iu 
the  latend  column  of  either  side  as  far  down  as  the  conns 
medullans.  Frf)m  tlie  cerebral  peduncle  onward  fibers  i.'on- 
etantly  lenve  tlie  main  tract  and  pati^  to  the  motor  nuclei 
of  the  opposite  .«ide.  This  tract  forma  the  central  motor 
pathway. 
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The  position  of  tlie  various  tracts  is  well  shown  in  the 
accompanying  schema  of  the  rapsule  (Fig.  10),  modified 
fwun  Edinger. 

Tlie  fibers  of  the  corona  radiata,  whicli,  as  we  Imve 
s(?en,  are  derived  from  the  cortfx,  are  later  joined  by  other 
liix^rB  from  the  striate  body  and  optic  thalamus,  wliii-h 
continue  downward  as  shod  tracfc^.     The  latt<T  itichiilt' : 

1.  The  fil>ers  running  from  the  nmdiitf  miclci  and 
putamen  to  tlie  optic  thiilamus  (inner  wgnieiit  of  the  len- 
ticular nnclcus)  and  further  downward  to  tlic  subfitautia 
nigra  in  tiie  cms  (liasal  forebrain  bundle). 

2.  Fibers  beginning  in  the  optic  thaianms  and  ending 
in  the  tegmentum  and  corpus  albicans.  (See  Fig.  11.) 
These  contain  the  more  important  short  tracts  of  the  inter- 
brain. 

The  following  fibers  take  their  origin  in  the  tegmentum: 
The  posterior  longitudinal  bundle,  tiituated  immedi- 
ately beneath  the  gniy  matter  of  the  ventricle,  which  con- 
nects several  cranial  nerves  and  extends  as  fur  down  as 
the  cervical  enlargement  (see  Fig.  11) ;  a  massive  bundle 
of  fibers  which  emerge  from  the  red  nucieus  and,  after  decus- 
sating with  a  corresponding  bundle  from  the  opposite  side, 
form  the  su]terior  cerelicllar  peduncle,  passing  as  such  to 
the  hemisjiheres  of  the  cerebellum  and  ending  in  the 
coqms  ileiitytum  and  cerebellar  cortex. 

In  the  cerelR'Huni  the  fiillowing  fibers  are  found  : 
The  middle  cerebellar  peduncle,  which  passes  to  the 
pintine  ganglia  of  the  nllu-r  side,  where  its  fibers  end,  and 
the  inferior  cerebellar  peduncle,  going  to  the  medulla 
oblongata  (restif!irni  body).  These  bundles  contain  fibers 
connecting  the  ciTclicllinn  with  the  olivary  Ixwiies  and 
the  posterior  ami  lateral  eohiinns  (direct  cerebellar  tract) 
of  tlie  spinal  («rd ;  some  of  these  form  long,  and  others 
short,  trjicts. 

The  white  matter  of  the  ciTelwlliim  also  contains  com- 
missural and  association  fibers  similar  to  those  found  in 
cerebrum. 


SHOICT  rjlACTS  IX  IIRAI.V-.sTKjr  ASD  l.VTKIlUlt.l IX. 


For  the  manner  in  which  the  white  matter  of  the  spinnl 
c»>nl  k  constructed  fmm  the  projection  fibers  of  the  cere- 


I  Dra: 

I  etc. 


Fiji;.  11. — Thedhorttractnin  tbebraiu-Atrmandintvrbraiii.  SasM- 
tat  OMttion  tliruugh  [be  middle  of  tbe  braiu-Ht«ui:  iiif,  lufuiidibuluiu; 
c.  mum,  corpus  mummillsrei  fa»r.  fir.  bumlleD  of  Vk'q  d'Aiyr;  /.  Irg, 
tegmental  bnndle;  ped.  m,  peduncle  oT  corpoa  niainmillure;/aj<F.  rt,  fan- 
cienlnH  retroflexns;  fiue,  I.  inf,  posterior  longiludinal  bundle;  II,  III, 
VI,  Xn.  cotreoponding  cranial  nervra;  c,  pineal  );lund. 

bral  and  eerebellar  cortex,  the  pyramids,  rc'^tiforin  bodies, 
etc.,  consult  a  former  paragraph  (p.  15). 
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In  0,  section  of  the  epiiial  cord  we  see  the  two  lialves 
separated  in  front  by  the  anterior  longitudinal  fissure. 
Immediately  behind  this,  in  the  median  line,  is  the  white 
anterior  commissure,  connecting  one  anterior  column  or, 
ratlier,  anterior  horn,  with  that  of  the  other  side.  Ven- 
trally  from  this  is  the  central  canal,  which  is  for  the  most 
part  obliterated,  and  behind  the  latter,  the  naritiw  poste- 
rior commissure. 

Tlie  gray  matter  forms  the  anterior  and  posterior  horns, 
and  is  snrnmu'leil  by  the  anterior,  lateral,  and  posterior 
columns  of  the  eord. 

1.  The  anterior  column  contains  the  uncrossed  pyr- 
amidal tnu't  iuid  the  anterior  gn>und  bundle  (continuations 
of  the  constituent  parts  of  the  substantia  reticularis  in  the 
tegmentum). 

'2.  The  lateral  column  contains  the  crossed  pyramidal 
tPdct,  the  direct  cerebellar  tract  (from  the  restiformbody), 
the  tract  of  Growers  (from  the  vermiibrm  process  of  the 
cerebellum),  tlie  anterolateral  ground  bundle,  and  the 
mixed  lateral  zone  ([tartly  derived  from  the  tegmentum). 

3.  The  posterior  column  contains  the  columns  of  Goll 
and  Burdach  ai]d  the  root^zones. 

In  addition  to  the  fibers  derived  from  the  brain  the 
spinal  cord  contains  numerous  fibers  originating  within  its 
own  substance  (myeiogenic,  intramedullavy  filters),  and  also 
filters  which  come  from  ihe  pcripherj-  (extruspinal  fibers). 

A  more  detailed  de8eri|itii>n  of  the  I'onrse  and  signifi- 
cance of  the  ]i:ithway.-i  that  have  been  mentioned  and  of 
others  will  be  fonnd  in  Part  111.  The  foregoing,  it  is 
hoped,  will  serve  to  expluiu  the  serial  sections  contained 
in  Plates  28  to  52,  which  are  intended  as  an  Introduction 
to  the  study  of  the  topogniphic  anatomy  of  the  brain. 
The  more  complex  rehitlons  between  the  gray  matter  of 
the  cortex,  basal  ganglia,  optic  thalamus,  and  miclei  of  the 
cranial  nerves  can  only  be  studied  from  the  illustrarions, 
and  the  reader  is  therefore  referred  to  the  plates  and  to 
the  expknutOF)'  notes  which  accompany  them. 


PART  iir. 

ANATOMY  AND  PHYSIOLOGY  OF  THE 
MORE  IMPORTANT  NERVOUS  PATH- 
WAYS. 

(Plates  54  lo57.) 


We  underatsDd  by  nervous  pathway  the  anatomic  baeiB 
for  thu  tninsmisaioii  of  a  definitL'  physiologic  impulse  from 
the  f^auglion  coll  to  the  eiid-organ  which  receivea  tlie  im- 
pulw,  iiicludirig;  all  the  connections, 

Every  pliysiolijgic  function  requires  for  its  completion 
a  nervous  [xithway  which  is  conijMised  of  a  number  of 
communicating  neuron  complexes,  each  iudlvldual  neuron 
complex  completely  retaining  ita  physiologic  and  anatomic 
indepenilencc.  Thus  there  are  pathways  which  consist  of 
two,  three,  or  even  more  successive  neuron  complexes. 
The  more  itn^tortant  of  these  belong  to  the  projection 
eystcm  of  the  cerebral  aud  cerebellar  cortex.  They  are  the 
following : 


I  tnn 

I  diff 

I  flex 


Nerve  Tracts  Associated  with  Known  Functions. 

1.  Tlie  nmtor,  corlicomuscular,  or  centrifugal  tract,  con- 
sisting of  two  neuron  complexes. 

2.  Tlie  sensory,  centripetal  tract,  consisting  of  at  least 
three,  and  pn)bably  more,  neuron  complexes. 

Tiieac  two  tracts  cnmmunicjite  with  each  other  in  two 
different  divifiions  of  their  course: 

(o)  They  have  a  lower  conneclion,  which  forms  the  re- 
flex tract  and  is  not  under  the  intluenoe  of  the  wilh      It  i« 
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found  in  the  subcortical  nuclei  (the  basal  ganglia ;  nuclei 
of  pons,  medulla,  and  cord). 

(b)  An  upper  connectiou  in  the  cortex,  tlie  pathway  of 
the  reactions  of  conscious  volition. 

The  course  of  tlie  motor  tract  is  much  better  known  and 
mucli  simpler  than  that  of  the  lieusory  tract.  We  shall 
now  proceed  to  consider  these  tracts  and  tlieir  conmiuni- 
catioRS,  in  the  order  named. 


I.   The  Motor  Pathway. 

The  ]Mithwa_v  considered  as  a.  whnle  is  compose<l  of 
two  successive  neuron  complexes,  tlie  cenii-al,  or  archi- 
neuron,  and  the  peripheral  motor,  or  teleneumn.  The  cells 
of  the  central  neurons,  situated  in  the  central  convohitions 
of  the  cerebral  cortex, — pyramidal  cells  of  the  cortex, — 
send  their  nerve-fibers  in  a  comimct  body,  known  as  the 
pyramidal  Iracf,  by  way  of  the  corona  radiala,  through  the 
knee  and  anterior  third  of  the  posterior  limb  of  the  internal 
capsule  into  tlie  crusta.  From  there  they  arc  continued 
by  way  of  the  pons  into  the  pyramids. 

At  the  decussation  of  the  pyramids  the  greater  part  of 
the  fibers  enter  the  lateral  column  of  the  cord,  which  is 
continued  as  the  crossed  lateral  pyramidid  trad.  In  the 
cervical  cnlai^ement  these  fibers  are  situated  in  the  median 
portion  of  the  lateral  column,  aud  as  they  proceed  down- 
ward approach  nearer  and  nearer  to  the  peripherj'  of  the 
cord,  terminating  liually  in  the  conns  medullaris.  A 
smaller  number  of  the  uerve-fibers  arc  continued  without 
decussatiim  in  the  anlcrior  pyramidal  tract,  aud  do  not 
extend  lower  than  the  upper  portion  of  the  lumbar  en- 
I  ailment. 

Along  the  entire  extent  of  this  trnet,  beginning  at  the 
cnista,  certain  ner\'e  buniUes  leave  the  tract  at  various 
levels  and,  after  underfriin};  decussation,  pass  to  the  other 
aide.  {Sec  Fig.  14,  whicli  represents  an  anterior  view  of 
tfce  pyramidal  tract.)     These  uerve-fibers  split  up  into 


tenniiial  fibriU  which  end  in  tlie  motor  nuclei  of  the  brain 
and  spinal  marrow.  It  follows,  therefore,  t)iat  the  entire 
mass  of  fibers  containtnl  in  the  pyruniidiil  tract  gradually 
diminishes  frum  ulwtve  downward.  In  addition  other  col- 
lateral fibers  are  given  off  from  the  decussating  fibers  and 


tbe  mo 
Central, 
ron;    d, 

niDatle. 


—  Schema  of 

pathway  ;    c, 

p.  pt'ripheral,  neu- 

itfcuBBationi    Jf, 


Fig.  13i — Schema  Hhowiiif;  the  coniBC 
or  the  pjrainidnl  tract;  7,  In  the  cere- 
bmiii  anil  cnts;  //,  in  the  puns;  ///,  in 
the  medulla  ohluogata;  /)',  deciiswtiun 
o[  tlie  pyramidft— [',  in  the  cervical  on- 
iargemeat;    t'l.  in  the  luniltar  enlarge- 


pass  to  higher  nuclei.  Tims  the  entire  central  mass  of 
neuron.li  finally  splits  up  in  the  substations  which  have 
been  described  a.s  situated  at  various  levels  of  the  brain 
and  spinal  marrow.     (See  Fig.  IS.) 

These  terminal  nerve  fibrila  Hirround  the  dendruu«^aC 
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the  gaugliou  coils  of  the  peripheral  motor  neurons  which 
hfgiii   at  tliis   jioint — /.  c,  ut    the   stibstution  just   men- 

Tlie  nerve  processes  of  these  cells  emerge  as  nerve- 
roots  from  the  hmin  and  anterior  }iom  of  the  spinal  curd 
of  the  same  side,  and  arc  continued  as  motor  hbers  to  the 
mu.scle,  where  they  finally  break  np  into  their  terminal 
fibrils  among  the  individual  muscle- fibers.  The  centra! 
motor  neuron,  therefore,  un- 
dergoes decussation,  while 
the  peripheral  does  not. 
(See  Fig.  12.)  The  im- 
pulses which  originate  in 
the  cells  of  the  cort<:x  are 
traii.'^mitted  to  the  muscle 
thn>ug!i  the  pathway  formed 
of  tlii^se  two  neurons,  and 
fnmi  the  decussation  of  the 
central  neurons  it  follows 
that  the  cortex  of  each  hemi- 
sphere controls  the  muscles 
of  The  opiK)sit*'  half  of  the 
bo<ly. 

Every  neuron  wll  exer- 
cises a  trophic  influence  on 
its  processes,  hicluding  the 
long  axis-cylinder  process. 
If   this    influence    is    de- 


Fi(j.  H. — Schema  shiiwinR  the 
position  of  the  iijraniidal  uwt 
(f^l  in  the  iiiGflcncppliitliiu:    III, 

r,   VII,  Sil.  Central  motor  path-  ,       ,  , 

ways  to  ilie  con^eHjionding  orauial      stroyctl,   the  corresjwndmg 
"■^"^  nerve -tilwr  uuderpwa  de- 

generation, and  the  gan- 
glion cell  itself  suffers  degenerative  changes  if  the  con- 
tinuity of  the  neuron  i.s  interrupti-d.  The  cell  of  the  j»er- 
ipherai  neuron  in  addition  exercises  a  nutritive  influeooe 
on  the  muacle-fibers  to  which  it  is  distribnte«l. 

The  most  tm|)nrtant  constituents  of  the  motor  [Mithway, 
_tsken  in  the  order  ia  which  the  peripheral  nerve  tracts 
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eraprge  from  the  brain  from  above  downward,  are  the  fol- 
lowing : 

I.  Oculomotor  Nerve, — The  central  neuron  complex 
originates  at  some  unknown  point  iu  the  cortex  (angular 
gyrus?),  passes  tliroiif;li  the  knee  of  ttie  internal  (capsule, 
and  leaves  the  pyramidal  tract  in  the  pt^^liincle  of  the  cere- 


Fig.  15. — Oculomotor  nucleus  (medullnry  slicAtli  Hfniii;  phohi- 
gniph,  mngnilied    ITiD   tinier):    F,  Kiin;.  Iotiji,  post.;   A.S,  luiunlixct 
(rf  Sylvius;  if,  iIitkuI,  r,  venlrnl,  e,  tentral,  iincleus,    N 
I  tkui  ot  the  root-libiTB  from  the  ventral  uu<!leus. 


A^tiiuX' 


brum,  perhaps  forming  a  part  of  Spilzka's  liiiudlc  or  aoocs- 
flory  fillet.  (See  Plate  42.)  The  latter  nr'avi  from  the 
mesial  portion  of  the  pyramidal  region  in  the  peduncle, 
and,  after  turning  inward  and  upward  and  crossing  the 
middle  line,  enda  in  the  oculomotor  nucleus  of  the  oppo- 
Bite  (and  of  the  same  ?)  side,  which  is  situated  in  the  ceu- 
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tral  gray  matter,  underneath  the  aqueduct  of  Sylvius. 
The  terminal  fibers  of  the  central  neuron  of  the  oculo- 
motor surround  the  giin^llon  ct.'llii  that  are  found  in  tlii^ 
region.  These  cells  and  their  dendrites  form  the  first  por- 
tion of  tlie  peripheral  neuron.  The  nerve-filiers  craei^ 
from  the  nucleus  as  the  roots  of  the  wulomotor  nerve  on 
the  some  and,  to  some  extent,  on  the  o|>|M)site  side,  and  are 
continued  iu  the  trunk  of  the  oculomotor  nerve  to  the  ocular 
muscles.  (For  a  further  description  of  their  distribution 
and  function  see  explanation  to  Plate  .37.)  The  jmsition 
and  divisions  of  the  uc-uloniotor  nucleus  are  seen  in  the 
accompanying  Fijiure  15  ;  see  also  Figure  29,  on  p.  184, 
and  Figure  17.  The  latter  also  shows  tite  probahle  rela- 
tion of  the  divisions  of  the  nucleus  to  the  individual 
mu.solcs. 

2.  Trochlear  Nerve. — "Hie  course  of  the  central  ueuron 
is  the  same  as  that  of  the  oculomotor.  After  undergoing 
decussation  the  end-fibers  break  U]i  in  the  trochlear  nucleus 
of  the  opposite  side,  under  the  posterior  corpora  quadri- 
gemina  and  Itehind  the  tjculomotor  nucleus,  The  periph- 
eral neuron  begins  at  this  point,  emerging  as  the  tniehleor 
nerve  behind  tlie  quad rigeni inn,  and  crossing  with  all  itH 
fibers  the  nerve  of  the  opjiosite  side  iu  the  anterior  medul- 
lary vchun. 

3.  Motor  Portion  of  the  Fifth  Nerve. — The  central 
neuron  originat^'S  at  some  unknown  ]M>int  in  the  cortex 
(inferior  parietal  g>'rus?),  traverses  the  knee  of  the  iu- 
ternul  csipsule  iHihind  the  fillers  of  the  oculomotor,  aod 
leaves  the  [H'duncle  in  Spitzka's  bundle  (?).  It  undergoes 
decussation  in  the  raphe  of  the  t^mentum  (ncoessoiy 
fillet),  ami  surrounds  wilh  its  end-fibers  the  cells  of  the 
motor  im<'leus  of  the  fifth  nerve,  which  is  situated  in  the 
lutcRil  [Mirtion  of  the  legmcntuni.  Fnim  this  point  the 
(K-riphcrid  neuron  is  continued  as  the  motor  root  of  the 
fifth  nerve,  emerging  from  the  pons  as  the  anterior  root, 
after  receiving  some  fibers  from  the  motor  nucleus  of  the 
opposite  side.     The  nasal  toot  of  the  fifth  nerve  (formerly 
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known  as  the  it-^cending  root)  in  also  saiil  to  contain  motor 
(trophic?)  fil>erfi.  It  originates  in  the  lateral  }«>rtioii  of 
tlie  rentRil  graj'  matter  of  the  aqueduct  of  Sylvius,  from 
the  large  cells  whh-h  are  situiilt-il  in  the  lower  {>art  of  that 
regiiiu,  and  joins  the  anterior  root  of  the  fifth  nerve  at  its 
exit  from  the  hmin. 

4.  Abducens. — The  course  of  the  ceiitinl  nenron  is  the 
tuinie  an  for  the  oculomotor.  Aller  undei^)ing  decussation 
the  end-tibcr»  split  np  in  the  abducens  nucleus,  underneath 
the  floor  of  the  fourth  Tcntricle,  near  the  niediiui  line. 
The  peripheral  neuron  is  given  off  from  the  cells  of  the 
abducens  nucleus,  and,  after  traversing  the  posterior  por- 
tion of  the  pons,  emerges  as  the  abducens  nerve. 

5.  Facial  Nerve. — The  ceiUrul  neuron  complex  origi- 
nates in  the  cells  of  the  lower  third  of  the  central  eonvola- 
tions.  From  here  the  tmct  proceeds  in  the  posterior  limb 
of  the  internal  capsule,  Itehind  the  knee,  eejiarat^s  from 
the  pyraniidiil  tract  in  Spitzka's  bundle,  and,  after  decus- 
sating in  the  raphe  of  the  tegmentum,  joins  the  hmg  liicial 
nucleus  of  tiie  opposite  side,  which  is  situated  in  the  deeper 
portions  of  tlie  medulla  oblongata,  laterally  from  the  teg- 
mentum. From  this  jmint  the  individual  fillers  of  the 
facial  nerve,  forming  the  peripheral  neunm,  pass  upward 
and  inwanl  to  the  genu  of  tiie  facial,  and  arcli  outward 
and  then  downward  until  they  finally  emerge  from  tlie 
medulla  oblongata  ad  tiie  facijd  nerve.  This  is  the  "  lower  " 
&cial  ner\'e  (mouth  and  cheeks). 

The  tvnli-al  neuron  for  i\w" upper"  facial  nerve  (bmw) 
apparently  follows  some  other  course  wliich  is  not  known. 
The  periplienti  neuron  is  said  to  emerge  fnirii  the  posterior 
segment  of  the  oculomotor  nucleus  and  finally  to  reach  the 
tnink  of  the  f;in;il. 

Tlie  liriiiifli  vsliirli  supplies  the  orbieuhiris  oris  is  said 
to  CMifaiii  \\\<('i-r-  fnun  the  nucleus  of  the  hypogIos.«us  (?) 

6.  Motor  Portion  of  the  Qlossopharynseovagus. — 
The  ccitfrti/ neuron  origimites  in  some  unknown  portion  of 
the  cortex  (middle  frontal  oouvolutVQW''.*^,  ^«i««a'^"wv'^s«i 
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jiyramidal  tract,  aad,  atler  crossing  in  tlie  raphe,  reaches 
ill  soniL'  unknown  wtiy  the  nucleus  anibiguus,  w)iidi  is  as- 
siuniiil  to  be  its  iiioior  nucleus.  Tlie  latler  is  found  in  the 
pri'liiii^iition  uf  llie  fucitit  nucleus  within  the  posterior 
{lui'iioii  1)1'  the  medullti  oblongiila.  From  tlii^  point  the 
fibers  of  tlie  periplural  neuron  (or  the  most  part  join  the 


Fiji.  11. — NHclen^iof  llir  ciL'lii  In  |".-li>--ii-<'stiii'ie<t  with  met.hylene- 
blne;  photinmiph,  mii«iiilUil  1-Vl  timfsc  T',  KIhhiiUucI  lotva;  L,  pDat. 
lonjj;.  bunille;  S,  raphe;  JX,  glossopliaryngeovagus  nncleiis;  S, 
Roller's  acwtpsory  uqcIpuh. 


7.  Hypoglossus. — The  central  neuron  orifj^nates  in  the 
loner  ibiiil  iit'  the  centnil  convolutions  in  front  of  the 
fueiiil  cLTiter,  descends  in  the  iutcrtial  capsule  behind  the 
puth  of  the  facial,  leaving  ihe  pyramidal  tract  in  the  atv 
ceaaory  fillet      After  croaaVn^  \n  iW  rayhe  of  Ae  teg- 
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mentum  it  enters  the  hypi^loseua  nucleus  of  tlie  ojiposite 
side,  among  the  cells  of  which  it  finally  breaks  up.  (See 
Fig.  16.)  At  tiiis  point  the  peripheral  neuruu  enierges 
from  the  me<liilla  as  tiie  hypoglussus  nerve. 

The  nerve  jMtlis  descriliid  in  S,  6,  and  7 — that  is,  those 
which  originate  in  the  U^  hemixp/iere — are  especially  con- 
cerned in  the  act  of  epeech.  Their  cMitnil  neurons  to- 
gether form  the  eeiiiml  speech  path,  while  their  peripheral 
nenrons  form  the  peripkiral »pctch  patli.  TJie  existence  of 
a  separate  upt'erh  path  ha»  also  been  aiisunied  bnt  liai*  never 
been  proved. 

8.  Spinal  Accessory  Nerve. — ^The  eettfral  neuron  is 
aaid  to  originate  in  the  base  of  the  middle  frontal  eon- 
volution  (?)  and  to  follow  the  pyramidal  tract.  Its  sub- 
sequent course  is  unknown,  but  it  eventually  enters  the 
acce.ssory  nucleus  of  the  opjKwite  aide,  in  the  I()wer  itortion 
of  the  niedidla  nnd  iipijer  portion  of  the  cer\'ical  enlarge- 
ment. From  this  point  the  peripheral  neuron  proceeds  as 
the  spinal  accessory  nerve.  A  large  part  of  the  ncr\-e — 
tlie  internal  branch — ^joins  the  pneumogastric. 

9.  The  Motor  Pathway  of  the  Upper  Extremity. — 
The  central  neuron  complex  originates  in  the  cells  of  the 
middle  third  of  the  central  convolutions,  especially  of  the 
anterior  ctrnvolution,  pusses  down  through  the  [)osterior 
limb  of  the  intcmni  cai>sulc  in  its  anterior  third,  and  enters 
the  pyramidal  tract,  which  it  acoompanies  through  the 
veiitnil  [iiiilion  of  the  pe<lunele  and  pons  into  the  pyramid. 
At  tlic  diciissation  of  the  pyramids  the  greater  part  passes 
to  the  laleiai  w>lumn  of  the  opposite  side,  while  a  smnller 
portion  deseeutlw,  without  decussating,  in  the  anterior 
oolumn  of  the  cord  (individual  variations  occur  in  this 
respect).  At  the  level  of  the  cer\-ical  enlatp^ment  the 
fibers  are  successively  reflected  at  a  right  angle,  and  pass 
— tiiose  from  the  lateral  pyramidal  tract  into  the  anterior 
horn  of  the  same  side,  and  those  from  the  anterior  pyr- 
amidal tract  by  way  of  tlie  anterior  commissure  into  the 
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auterior  horn  of  the  upjiofiite  side.  '  Here  the  terminal 
fibers  surround  the  cells  of  tlie  anterior  lioni  (especially 
the  lateral  groups)  and  their  dendrons. 

These  cells  form  the  beginning  of  the  peripfi&-al  neuron 
of  the  motor  tract.  The  ner\'e  processes  enaerge  as  tJie 
anterior  roots  (fourth  cervical  to  first  dorsal),  aud  reach 
the  bracliiul  plexrjs,  from  which  they  are  continued  into 
the  various  nerves  of  the  arm.  (For  detailed  description 
see  the  explanation  of  Plate  27.)  The  situation  of  the 
cells  of  tlic  anterior  horn  and  their  relation  to  the  indi- 
vidual muscles  are  best  seen  in  Figure  17  on  page  52. 

The  ner\'e  tracts  for  the  upper  extremity  are  situated 
between  those  which  supply  the  muscles  of  the  neck  above, 
and  those  which  supply  the  muscles  of  the  trunk  below. 
The  topt^raphy  can  reatlily  be  UTidcrstood  by  a  study  of 
the  plates  mentioned  ;  but  little  is  known  concerning  tlie 
central  course  of  the  tract.  The  center  for  movements  of 
the  trunk  is  said  to  be  situated  in  the  superior  frontal  con- 
volutions. It  is  pn)bable  that  the  pathway  originates  in 
the  hemispheres  both  of  the  same  and  of  the  opposite  side. 
In  the  same  way  other  muscles  «-liose  functions  are  bilaU 
eral  (eye,  brow  nmscles,  etc.)  pnilwbly  derive  their  inner- 
vation from  the  hemispheres  both  of  the  same  and  of  the 
opposite  side.  But  our  knowledge  of  these  uncrossed  (or 
double  crossed?)  central  pathways  in  man  is  very  imper- 
fect (uncrossed  anterior  pyramid?).     (See  foot-note.) 

10.  The  Motor  Pathway  for  the  Lower  Extremity. — 
The  eenlral  neuron  originates  in  the  upper  thinl  of  the  cen- 
tral convolution^^  and  in  the  paracentral  lobule.  It  is  con- 
tinue*! in  the  pyramidal  tract  through  the  poj^terior  limb 
of  the  internal  capsule  (in  the  center  of  the  limb),  and 
pnweeds  downwanl  as  dest^ribed  under  9 — that  is  to  say, 
it  iiniletT^oes  a  partial  decussation  at  a  lower  level  than 
tiiat  of  the  upper  extremity.    The  great  mass  of  the  fibers 

'  This  nltimale  decoffmtion  of   the  anterior  pj-ramidal  t««ot  baa 
noentJy  tweo  disputed,  "ith  some  rposon,  biiiI  it  liaa  bt-eu  suppoaed 
the  tract  end*  in  the  &rH«T\Qi  \iQn\  al  tlie  aame  aide. 
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descend  in  the  lateral  pyramidal  tract  as  far  as  the  lum- 
bar eiilai^inent,  where  they  are  reflected  into  the  ante- 
rior liorD  aud  break  up  lottt  tht'tr  terminal  fibrils. 
From  the  cells  of  tiie  anterior  horn,  especially  those  of 
the  lateral  groups,  the  peripherol  neuron  emei^eu  as  the 
anterior  roots  (Hve  lumbar  and  five  sacral),  enleri^  the 
lumbar  and  saevjX  plexuses,  and  is  continued  from  these 
plexuses  into  tiie  nen'es  of  the  lower  estreraities.  (See 
Plato  27  and  Fig.  17,  in  which  the  relations  of  the 
muscles  to  tlie  various  divisions  of  the  peduncle  and 
of  the  spinal  cord  on  the  right  side  of  the  body  are 
shown.) 

1 1 .  The  motor  pathway  for  the  bladder,  rectum,  and 
sexual  organs  arises  at  some  unknown  point  in  the  brain, 
the  iviitri'l  neurou  de^cendinfj  in  the  pyramidal  lateral 
tract,  probably  in  the  anterolateral  ground  bundle,  and 
terminating  in  ihe  gray  matter  of  the  sacrul  cord.  The 
penpherai  neuron  emerges  as  the  sectind,  third,  and  fourth 
sacral  roots,  and  goes  to  the  (ludendal  plexuses  and  finally 
to  the  muscles  of  tlie  organs  named.     (See  Plate  27.) 

12.  The  sympathetic  nerve  receives  central  motor 
fibers  of  unknown  cortical  origin  from  the  lateral  col- 
umns. They  ap|>ear  to  end  in  the  anterior,  and  especially 
in  the  lateral,  horn.  At  this  ]Kiint  iUe  jteiiphrrnl  neuron 
begins ;  it  emerges  in  the  anterior  roots,  and  is  finally  dis- 
tributed to  the  ganglions  of  the  sympathetic  nerves  and 
their  homologues.  The  cells  in  these  ganglia  form  the 
bt^innjng  of  the  motor  BipnpaVidio  iteuron,  the  fibers  of 
which  are  distributed  to  the  various  unstrij)ed  muscle- 
fiberu  in  the  vessels,  intestines,  heart  (?),  glands,  etc.  The 
vasomotor  nen'es  also  have  their  origin  in  the  antero- 
lateral ground  bundle. 


II.  The  Sensory  Pathway. 


Since  the  function  of  the  sensory  pathway  is  to  transmit 
sensory  impressions  from  the  periphery  lo  the  ceatat^ 
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shall  describe  it   in  this  direction,  Ix^imting,  therefore, 
witli  the  jMiripheral  neuron. 

The  peripheral  sensory  neuron  complex  of  tlie  ex- 
tremities and  of  the  tnink  is  coutaiDed  in  the  seiieory 
filjers  of  the  ]>erij>lKTaI  nerves,  the  L-iitaneons  diririhu- 
tioD  of  which  is  seen  in  Figures  23  to  2.5  and  in 
Figure  17.  It  continues  its  course  to  the  spine  tlirough 
the  fibera  of  the  various  plexuses,  and  euds  in  the  cells  of 
the  spinal  ganglia  (without  directly  entering  the  Bpinal 
cord).  Eacli  cell  of  tlie  spiuid  ganglia  gives  off  another 
fiber  in  the  op|>oslte  direction.  These  fillers  collectively 
form  the  posterior  roots,  and  as  audi  tiie  sensory  periph- 
eral neuron  finally  reaches  the  spinal  marrow,  the  jmsterior 
roots  entering  in  two  separate  paria  into  the  imsterifir  col- 
umns that  lie  betwt'en  the  posterior  horns.  After  its 
entrance  into  the  spinal  cord  each  root-fiber  divides  in  the 
form  of  a  T,  and  gives  off  an  ascending  and  a  descending 
branch.     The  two  divisions  of  tlie  posterior  roots  ore ; 

1 .  The  lesser,  lateral  dimsioii  of  the  posterior  root,  which 
enters  the  tip  of  the  posterior  horn  in  the  region  known 
as  Lissaner's  tract,  where  each  of  its  fibers  divides  into  an 
ascending  and  a  descending  branch.  The  course  of  both 
branches  is  very  short:  after  ninning  a  short  distance 
within  the  cord,  they  are  reflected  at  right  angles  into  the 
posterior  horn  and  there  undergo  division  into  their  ter- 
minal fibrils  around  the  cells  of  llie  posterior  horn. 

2.  The  larger,  menial  dirininn  of  tlie  jiosterior  root,  which 
enters  the  lateral  portion  of  the  posterior  column  (Bur- 
dach's  column),  and  is,  therefore,  known  as  the  [lostcrior 
root-zone.  Here  the  filers  split  up  into  an  ascending 
and  a  descending  branch. 

The  denvendivfi  branches  extend  but  a  short  distance, 
and  are  soon  refiected  at  right  angles  into  the  losterior 
horn,  where  they  undergo  arborization  ;  some  of  the  aseend- 
inff  branches  are  also  short ;  others  have  a  longer  course. 

The  short  branches  are  sooti  reflected  and  pass  [tartly 
into  the  posterior  horn,  partly  into  tlie  anterior  horn. 


tartly  I 

,  and 
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iutn  the  columns  of  Clarke,  wbere  tliey  break  up  among 
tlie  cells.  Tile  long  filwrs  fiifit  continue  tlieir  way  in 
Burdacb's  column  toward  tlie  bruin,  but  us  tliey  ure  joiucd 
by  other  a.%en(ling  root-fibers  at  liighcr  levels  they  grad- 
nallr  apprcacb  nearer  to  tbe  medLiu  line.  The  long  fibers 
thnt  enter  the  lumbar  enlargement  are,  theretbre,  found  in 
tbe  column  of  Goll  in  tbe  cervical  region,  while  those  that 
enter  at  a  higher  level,  in  the  thoracio  and  cervical  portion 
of  tlie  cord,  occupy  n  more  external  position. 

These  long  ascending  fibers  eventually  break  up  into 
their  terminal  fibrils  within  the  medulla  oblongata,  about 
the  cells  of  the  nucleus  funiculuti  of  Gull  (f.  gracilis) 
and  the  nucleus  funiculus  of  Burdach  (f.  cuneatus). 

All  these  fibers  taken  together  form  tin:  wiimri/ peripheral 
neuron  complex.  The  cell  of  this  neuron  is,  tliercfore,  situ- 
ated outside  of  tbe  spinal  cord,  in  the  intervertebnd  ganglia ; 
its  dendritic  processes  are  represented  by  the  periplieral 
nerve  and  its  principal  cutaneous  brandies,  while  the  nerve 
process  corresponds  to  the  posterior  root-fiber  and  its  ter- 
minal fibrils  in  the  various  portions  and  levels  of  the  spinal 
cord. 

These  terminal  divisions  take  place  about  the  iierve- 
cells  lying  in  the  following  rt^ions: 

1.  In  Goll's  and  But^ach's  nuclei  (fimiculue  gracilis 
and  funiculus  cuneatus)  in  tlie  me<lnlla  oblongata. 

2.  In  the  various  portions  of  tbe  posterior  horns. 

3.  In  the  so-kiHihI  middle  zones,  between  tlie  anterior 
and  the  posterior  horn. 

4.  In  the  columns  of  Clarke. 

5.  In  the  anterior  hnni. 

The  central  sensory  neuron  complex  begins  in  the 
regions  included  under  I  to  4.  (For  the  nerve  termina- 
tions under  5  see  Reflex  Path.*.)  Up  to  this  point  the  dis- 
tribution is  fairly  well  settled,  but  the  further  course  of  the 
central  sensory  tract  is  still  a  matter  of  dispute,  although 
it  is  very  much  better  understood  now  tlian  formerly. 
The  points  still  under  di.scu6sion  will  be  referred  to  hsuA'i 


Fid.  17.— Explanfltion  ot  alibrevUtiona:   Jr.  olf,  Olfnclory  tract: 
«.  I.  btend  ireniculftte  bodv:  ;>,  r,  w,  A,  indicate  npproxii.iatrl.v  the 

Of  the  refli^x  wnlcre  fur  tlic  papillary  (ji).  the  ropimtory 
''"■■)  patellar  I,  pnt\,w**te«'o  AcWUiB  (J)  reflexes. 
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in  a  subsequent  paragru]>h ;  wliat  follows  is  that  descrip- 
tion of  tlie  snl)soqiient  course  of  the  neumii  which  har- 
monizes   best    with    the    postulates    of    patimhitry.       The 
anatomic  distribution  in  man  is  not 
absolutely  known.  y  <ctj 

The  beginning  of  the  centml  nen- 
aori/  neuron,  corresponding  with  the 
terminal  divisions  of  the  peripheral 
neuron,  is  fuund  partly  in  the  al»ive- 
mentioned  regiotts  of  the  medulla 
oblongata,  and  partly  in  the  gray 
matter  of  the  p()sterior  and  anterior 
horns  of  the  cord.  We  will  discuss 
the  separate  portions  in  the  order  in 
which  they  are  given  above — 1  to  4. 

1.  Tlic  central  neurou  has  its  or- 
igin  in   the  cells  of  the  funiculus 
gracilis  and   funiculus  cuneatns  in 
the  medulla  oblongata.     Frnm  this 
point  the  fibers  pass  downward  and 
toward  the  raphe,  furnnng  the  inler- 
nal  arm-nil' fibers ;  at  this  jwint  they 
cross  the  median   line  (decussation 
of  the  fillet,  the  beginning  is  seen 
in  Plate  46,  Fig.  1  (/„,-,;   it  mis     S;,,t°CiS;  k 
at  the  level  shown  in  Plate  44,  Fig.     Jecusaaiion. 
2).     jilmve    this    decu.ssation    the 
fibers,  after  being  collected  into  a  bimdle,  pass  dorsally 
and  above  the   pyramids  (which  have  decussated  at   a 
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Thfivpsical  center  lies  in  the  third  ondfonrlli  sncm!  seEtiietitfl;  the  mini 
center  in  the  fourth  and  lifth  represented  bvcirf1i«i;  tlitceiKcm  for  sire- 
tion.ejaemlation,  labor  priiii»(?)are probably  nlaosiliinlttl  iiilliisrcitinn. 
In   reality  the  divisions  between  •a-ciiifuu  nrc  of 
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lower  point),  and  lie  iiext  to  tlie  anterior  ground  bundle, 
iis  the  fillet  (laqueus  superior).  In 
its  subsequent  brainward  course  the 
fillet  gradually  iiiereases  in  size  and 
riuiges  itself  between  the  superior 
and  inferior  olives  that  now  make 
their  tipix-arance,  forming  the  in- 
tcnilivarj-  layer,  Htill  close  to  the 
median  line.  Higher  ujt  the  fillet 
proceeds  in  the  region  of  the  teg- 
mentum, where  it  bi-oadcns  out  and 
lies  tiiinsvereely  benstth  the  teg- 
mentum, l>eing  known  at  this  point 
Its  the  median  fillet.  In  thiij  way 
it  pus>cs  through  the  dorsal  pon- 
tiou  of  the  pons.  In  the  tegmen- 
tum it  leuvos  the  median  line  and 
nssumes  &  position  to  tlic  outer 
i^idc  of  the  rod  nucleus.  From 
this  point  tlie  sujHtrior  fillet  is  oon- 
tinuL'd  to  the  subthalamic  r^on, 
disappi>aring  at  a  [loint  slightly  in- 
ferior to  the  level  of  the  red  nu- 
cleus. According  to  some  author- 
ities some  of  the  fibers  [lass  from 
this  ]ioint  dire<lly  through  the  in- 
ternal capsule  (]>eduncular  fibers), 
while  others  fi)rm  part  of  tlie  anaa 
tentiformis,  which  jmsse.s  trans- 
vcrs<-ly  thmugh  the  rajisule.  The 
fillet  then  bri'iiks  tliroiigh  the  in- 
ternal limb  of  tlie  lenticular  nu- 
cleus, and,  asu'nding  in  the  poste- 
rior limb  of  the  capsule,  reaches 
tlie  cortex  of  the  posterior  central 

coQvolutions  and  of  the  parietal  lobe.  In  this  region  the 
of   the   neuron   under^   their  terminal  divisions 
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aroand  cells  mtuated  in  tliese  jiortions  of  (he  cortex.  It 
is  probable  that  tlii^  portion  h  interrupted  in  some  way  in 
the  globus  |Nillidiis. 

Anoihcr  portion  of  the  superior  JUM  apparently  passes 
directly  from  the  subthidamic  region  to  the  intcmul  eajisiile, 
and,  ascending  in  the  posterior  limb  behind  tlie  pyramidal 
tract,  probably  enils  in  the  cortical  area  above  referred  to. 

Accoitling  to  another  description,  tlie  greater  part  or  even 
all  of  the  fibers  of  the  su]terior  fillet  are  interrupted  in 
the  ganglia  of  the  sublhidiimic  r(^ion,  the  globus  pnllidus, 
and  eB[>ecially  tiir  uplic  tliidanius  (in  the  hitcral  bii^il  por- 
tion of  the  niiclrii-) — lh;tt  i>  li>  S!iy,  the  superior  (illot  endu 
here.  According  to  this  view,  the  final  conductiim  to  the 
cortex  would  uecetiiiitate  a  third  or  ccntroeortical  neuron 
(in  the  contna  radiata  of  the  optic  tlialaniuB  ?),  but  our 
information  on  this  [wint  is  veiy  uncertain. 

2.  The  central  neurons  which  begin  in  the  cells  nf  the 
posterior  horns  for  the  most  part  form  short  nerve  |mths, 
most  of  which  end  within  the  spinal  cord.  Their  fibers 
enter  the  lateral  ground  bundle  of  the  same  side  {Jt  in  the 
serial  sections  shown  in  Plate  47)  and  the  ventral  |)orlion 
of  the  jHJSterior  colunm.  After  ascending  or  deyociiding 
for  a  short  distance  they  reenter  the  gray  matter  and  bi-eak 
up  into  their  terminal  fibrils.  These  ner\'e  paths  arc  then 
joineil  by  others  of  similar  distribution,  so  that  con- 
duction is  cU'ected  by  relays,  one  short  ner%'e  path  joining 
another. 

The  fibers  enter  the  substantia  reticularis  of  the  teg- 
mentum in  the  meitulla  and  end  in  the  nuclei  situated  in 
this  region  (niicl.  lat.  post,  and  ant,  ?).  From  the  cells  of 
the  substantia  reticidaris  (nncleas  magnocellularis)  fibers 
are  said  to  proceed  brainward  and  join  the  f/let. 

.  Three  different  kinds  of  fibers  have  their  origin  in 
the  cells  of  the  middle  zime  in  the  spinal  cord,  forming 
shorter  and  longer  |Niths : 

(a)  Ascending  fibers  which  enter  the  anh-Tolateral  tract 
of  the  same  side.     Some  of  the^ie  iw  short  and  end  within 
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the  gray  matter ;  others  continue  upward  and  reach  the 
substantia  reticularis  of  the  teginenfum,  where  they  join 
the  fillet— /a/  in  tiie  serial  section.-, 

(6)  Ascending  filers  which  enter  Oower's  column  of  the 
eame  side,  and  continue  upward  as  far  as  the  medulla.  All 
the  longer  ner\'e  tracts  give  ofi^  collateral  fibers  which  enter 
the  gray  matter  at  various  levels. 

Gower's  cohunii  tn  part  also  enters  the  substantia  reticu- 
laris in  the  iiiedulhi.  Its  termination  within  the  mesen- 
cephalon, or  vermiform  process  of  the  cerebellum  {?),  is  still 
a  matter  of  dispute. 

(c)  Fibers  derived  from  the  median  groups  of  cells,  es- 
pecially in  the  anterior  horn,  so-called  commissural  cells, 
turn  inward  toward  the  median  line,  decussating  in  the 
anterior  commissMrt'.  After  entering  the  anterior  horn  of 
the  oppo-^ite  side  they  ascend  ou  this  side  with  the  fibers 
mentioned  under  (a),  forming  long  (?)  nerve  tracts.  In  the 
medulla  they  possibly  join  the  fillet  (probably  after  being 
intermitted  in  the  cells  of  the  substantia  reticularis  in  Ihe 
tegmentum),  and  accompany  it  in  its  subsequent  course  to 
the  coi-tex. 

4.  From  the  cells  in  the  columns  of  Clarke  the  fibers 
of  the  central  patliway  enter  the  direct  cerebellar  Inict  of 
the  same  side  (Cb  in  the  sections).  In  this  they  ascend 
and,  joining  the  restiform  iKxly  in  the  medulla  at  its  ventral 
aspect,  accompany  this  structure  into  the  white  matter  of 
the  cerebellum  and  terminate  in  the  vermiform  process  (in 
the  tegmental  nucleus  of  the  opposite  side?). 

Such,  briefly  described,  is  the  course  of  the  sensory  ren- 
tral  neurons  for  the  trunk  and  extremities.  It  appears, 
therefore  that  a  part  of  these  neurons  passes  to  the  cortex 
directly  tiirongh  the  fillet  (decussating  in  the  decussation 
of  the  fillet),  while  another  jmrt  j>a.'ises  directly  to  the  cere- 
bellum through  the  direct  cerebellar  tract.  A  tliird  por- 
tion, cJiletly  in  the  anterolateral  tract,  a-<ceuds  only  as  far  as 
the  substantia  reticularis  of  the  tegmentum  in  the  medulla 
ta  (some  of  them  undergoing  decussation  in  llie  an- 
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terior  commissure).  From  this  point — that  in,  beginning  ia 
the  nnc-lei  of  the  substantia  reticularis  (?) — we  must  assume 
another  centrocortieal  neuron  for  the  conduction  tti  tlie  cor- 
tex. A  part  of  tlieae  filwrs  (anterior  ground  bundle)  are 
said  to  join  the  miperior  JUld ;  in  this  structure,  therefore, 
the  great  mass  of  the  central  sensory  neurons  eventually 
passes  to  the  cortex.  The  other  |>art  also  ascends  in  the 
substantia  reticularis  of  the  tegmentum,  at  least  as  far  as 
the  optic  thalamus. 

A  disputed  point  in  this  description  is  the  part  played 
by  the  devumithn  in  the  anienor  commmure.  Many 
mitfaors  deny  that  such  u  decussation  exists,  and  maintain 
that  there  is  only  n  diri'ct  conduction  in  the  anterolateral 
tract.  Tiic  posterior  couimi.'-sure  also  contains  a  few  de- 
cussating tiljcr:-,  but  their  significance  Is  nol  well  under- 
atood.  The  cuui'se  of  the  ftllct  after  leaving  the  subthala- 
mic region,  or,  in  other  wonls,  of  that  portion  of  the 
superior  fillet  which  is  interruptwl  in  the  thalamus,  is  also 
a  matter  of  dispute,  as  is  the  part  taken  by  the  ansa  lenti- 
fomiis,  as  well  as  various  other  points.  Compare  the  above- 
given  description  with  the  illustration  of  the  sensor\-  tracts 
in  Figure  20. 

As  regards  the  conduction  of  the  individual  qualities 
of  sensation,  the  following  arrangement  may  be  at^sumed 
as  the  probiible  oue  for  man,  judging  from  pathol<^iG 
ex|)erience. 

Sensory  impressions  received  in  the  skin  and  deeper  soft 
portions  of  the  extremities  and  trunk  are  conducted  in  tlie 
peripheral  neuron  over  the  sensory  ner\'es,  spinal  gimgliun 
oella,  and  jKtsteriur  roots,  into  the  spinal  cord.  It  is  not 
yet  definitely  decided  whether  the  various  cjualities  of 
sensation  have  separate  tracts  in  this  part  of  their  course, 
but  it  seems  probable  that  they  have.  We  know,  for 
instance,  that  tactile  impressions  follow,  or  at  K-ast  may 
follow,  a  different  course  than  impressions  of  temperature 
and  pain.  The  latter  are  conducted  by  the  pathways  that 
enter  the  posterior  horn,  and  must  continue  in  tlie  antewt- 
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lateral  tract  (rentral  neuron).  Part  of  them  certsiinly 
undergo  deciisaatJoii  (anterior  commissure  ?)  an<l  re«cli  tlie 
w>rtex,  antl  henee  tlie  eeat 
of  consciousuKis,  by  way 
of  tlie  fillet. 

TJic  tactile  sense  and 
tlie  nm»<'le  penso  are  said 
to  reach  the  nuclei  of  Biir- 
duch  and  Goll  througli 
titc  long  tractii  in  the  pos- 
terior colunms,  and  from 
there  hy  the  norve  path 
described  (iDtcmul  arcu- 
ate libers),  the  Hllet  of  the 
opposite  side,  by  which 
they  are  condiicte<l  to  tlie 
corlicul  center  of  con- 
scimisoess.  But  it  ap- 
pears that  for  the  tactile 
sense  at  least  i-ondiiction 
is  possible  through  other, 
shorter  puths,tlio,«o  which 
have  been  described  as 
consisting  of  successive 
relays.  That  the  tactile 
sense  is  subset^ucntly 
transmitted  in  the  fillet 
is  certain  (for  the  most 
part,  but  not  altogether, 
in  the  lillet  of  tbe  o^io- 
site  side). 


Kig.  20. — Stihemaot  (he senwr;  pathway:  Ptriphrral nrttrm  (AotMi 
line):  1,  2,3,  Sliort,  4,  long.  ImcU.  Thi-  "switcliiiig  stations"  are 
iodiuAtecl  by  muoII  circlea.  Ci-nlrni  neuron  (broken  line):  /.  Colnmna 
of  Clarke  (iltivcl  cerelwlliw  tracl);  II,  itilcrnipted.  Ill,  Iomk,  on- 
Ienilal«nil  imeW.  H.  Nnclei  of  pi»t*rior  ooluniii  (f.  prnpilis  nnd 
/■  coneaRia)  ;  Sit',  detusBalit)  Icumiuci ;  SuhMfe,   fillet;  Aiii(.  H'ursd, 

'*not. 


SENSORY  CRANIAL  NERVES. 

The  sensory  nerves  of  the  bladder,  rectum,  etc..  euter 
tlie  spiniil  cord  by  way  of  tlie  lliin],  Imirtli, 
terior  sacral  roots,  tlitir  pcriplierul  nciiroiiw  ending;  in  tlie 
gray  matter  of  tlie  sacrul  cord.  From  lliis  point,  or  per- 
hapi4  higher  up  (long  ascending  fibers  of  the  posterior 
roots?),  the  central  conduction  possibly  begins  in  the  long 
tracts  of  the  posterior  columns  (columns  of  Gull?). 
Notliing  definite  i."  known  of  their  further  course  to  the 
higher  cental's. 

Sensor)'  fibers  from  the  intestines  (peritoneum,  intestine, 
glands)  also  enter  the  sympathetic  plexuses,  especially  the 
splanchnic  plexus,  and  pi'oiH^^ed  to  the  i^pinal  ganglia  and 
the  posterior  roots.  Their  subsequent  course  appears  to 
be  through  tlie  lateral  column  (ciTehclIar  lateral  tract  ?). 

The  tract  of  the  fillet  in  the  tegmentum  contains  also 
the  central  neuRiiis  for  the  various  sensory  cranial  nerves 
(except  the  olfuclory  and  optic).  We  will  describe  them 
here  in  tJie  order  in  which  tliey  enter  from  below  uiiwai-d. 

1.  The  Sensory  Portion  of  the  Qlossopharyngeo- 
vagus. — The  peripho-al  neuron  fiben  nin  in  two  periph- 
eral nerves  to  the  cells  of  the  petrosal  and  jugular  ganglia, 
which  are,  therefore,  the  nnuloguea  of  tlie  intervertebral 
ganglion  cells.  Emerging  fn>ni  these  in  the  corresponding 
nerve-roots,  they  puss  through  the  medulla  oblongata  and 
enter  the  sensory  glossophar\'ngeovagus  imeleus  in  the  pos- 
terior portion  of  the  floor  of  the  fourtli  ventricle,  around 
the  cells  of  which  they  undergo  their  tenninal  division. 
A  part  of  them,  instead  of  ending  in  this  region,  continue 
aa  the  solitary  bundle  (fasciculus  solitaHus,  or  descending 
root  of  the  glossophaiyngeovagus)  for  a  short  distance 
downward,  and  end  around  cells  in  the  neighborhood  of 
this  nucleus  (posterior  horn). 

The  c*7i(m/n<nt)-on  originates  in  these  cells  and  in  the  cells 
of  the  sensoiy  nucleus.  It  runs  toward  the  raphe,  crosses 
to  the  other  side  at  tliis  point,  and  joins  the  median  or 
superior  imd,  of  Ihejilld  (descrilied  as  the  "  scattered  bun- 
dle" of  the  fillet).     Together  with  tlie  superior  fillet  tUa 
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I  central  neuron  complex  continnuzt  its  way  toward  the  cor- 

T  t«x,  lying  beliind  tlie  pynitniditl  fibcK  in  the  iDternal  tap- 

Hule,  and  undergoes  its  terminal  division  around  the  cur- 
timl  cells  near  the  termini  of  tlie  fillet  (posterior  central 
cxinvolution  (?)  for  the  fibers  of  taste  in  the  base  of  the 
lower  frontal  convolution  (?) ). 

2.  Sensory  Portion  of  the  Trigeminus. — Its  peripheral 
neuron  fibers,  after  emerging  from  the  tliree  sensory 
bninclies  of  the  fifth  nerve,  enter  the  cells  of  the  Gasse- 
rian  ganglion  and  eraei^  on  tlie  other  side  as  the  ixtsterior 
root.  After  passing  through  the  fil>ers  of  the  pona  they 
terminate  aiiiund  the  cells  of  the  nennori/  nurk-ue  of  Vie 
trigemimui.  Some  of  the  fibers  descend  ibr  some  distance 
to  the  upper  portion  of  the  cervical  cord  as  the  descendiitff 
{caudnl  Ve)  root  of  the  fiflh  nerve,  formerly  erroneously 
called  the  ascending  root,  and  are  gradtmily  lost.  This 
descending  root  of  the  fifth  nerve  can  be  seen  in  any 
transverse  section  of  the  medulla  oblongata,  lying  on  the 
outer  side  of  the  retiiiiins  of  the  posterior  horn,  the  sub- 
stantia reticularis  of  the  tegmentum,  the  upper  extremity 
of  which  forms  the  sensory  nucleus  of  the  trifacial.  The 
"nasal  root  "of  the  fifth  nen-e,  descriln'il  above  as  a  motor 
root,  was  formerly  n^rded  as  a  sensory  root ;  its  signifi- 
cance is  not  quite  clear.  If,  as  seems  {irobable,  it  is  motor 
in  character,  it  shonld  also  lie  designate!!  degceiuJuuf.  Fin- 
ally, a  third  portion  is  said  to  pass  directly  from  the  sen- 
sory root  of  the  trifacial  nerve  to  the  cerelwllum  (direct 
sensory  cerebellar  tractV  On  this  supposition  it  should, 
therefore,  be  regarded  as  an  analogue  of  the  tn'rebellar 
lateral  tract  of  the  cord. 

The  central  neiiron  originates  in  the  cells  of  the  sensoiy 
nucleus,  sitinited  in  the  immediute  neighborhood  of  the 
di'scending  root.  The  fibers,  after  decussating  in  the 
raphe  of  the  tegmentum,  join  the  superior  fillet  (scattered 
bundle)  and  accompany  the  latter  toward  the  cortex  (pos- 
terior central  convolution),  where  they  undet^o  their  ter- 
1  division. 
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The  Auditory  Nerve. — Tliii  auditory  nerve  sub- 
divides into  two  bninclips  poB^e^sing  distinct  functions,  the 
cochlear  and  ilie  vestibular  nerves. 

(a)  The  mdi/mi-  riene  is  the  true  uerve  of  hearing. 
The  peripfieriU  iieuron  l>egins  in  tlie  organ  of  Corti  in 
the  cochlea,  and  enters  the  cells  of  the  cochlear  ganglion, 
an  analogue  uf  the  intervertebral  ganglia,  also  situated 
within  the  cochlea.  [Note. — The  periplieral  nenron  be- 
gins in  tiie  ctMn  of  the  spiral  ganglion,  in  the  bony  walls 
Qf  the  cocthlea,  and  passei^  outward,  terminating  about  the 
organ  of  Corti  in  the  cochlear  duct.  The  spiral  ganglion 
is  an  anali^ue  of  the  interverlebral  ganglia. — E.  D.  F.] 
After  emerging  from  the  cochlear  ganglia  it  eulei'S  the 
medulla  an  the  cochlear  nerve,  and  undergoes  Its  terminal 
division  about  the  cells  of  the  ventral  auditors*  nucleus, 
embracing  the  restifonn  body  on  each  side.  At  this  point 
the  central  tifiiitm  begins  as  the  trapezoid  body  underneath 
the  tegmentum  and  the  striie  acustica  above  tlie  tegmen- 
tum of  the  iiiedulla,  and  runs  to  the  raphe,  where  decus- 
sation takes  place.  It  then  continues  in  the  lateral  iiifei-ior 
filUt  of  the  corpora  qmnlrigcmina,  which  is  situated  to  the 
outer  side  of  the  mesial  or  su[)erior  fillet.  Some  of  the 
fibers  do  not  cross  to  the  other  side,  but  pass  to  the 
lateral  fillet  of  the  same  side,  and  come  into  relation  with 
the  superior  olive  through  fillers  of  the  trapezoid  body. 
The  lateral  fillet  is  continued  to  a  point  beneath  the  cor- 
pora quadrigemina  at  the  region  indicated,  and  ends  partly 
in  the  posterior  quadrigemina  and  [lartly,  through  the  pos- 
terior brachinm,  in  the  median  geniculate  body  ;  here  it  is 
joine<l  by  a  third  centrocortical  tract  (?).  From  this  point 
it  is  siipiKJsed,  on  clinit^l  grounds,  that  the  central  audi- 
tory pathway  continues  to  the  subthalamic  region  and 
thence  to  the  posterior  limb  of  the  internal  capsule,  be- 
hind the  alwve-describpd  direct  sensory  (superior)  fillet 
fibers  of  the  internal  cujisule.  From  the  capsule  the  fibers 
pass  to  the  cortex  of  the  su|)erior  temporal  convolution, 
especially  to  its  posterior  tliird. 


TME  XEMtVrS  rjtTWWJ  TS. 

(i>  Tftr  FfjJJ  dgr  Avm. — JIk  farptKnl  neuron  <»ig- 
maaes  mhui  liv  ■taw  cdk  an  ^nntnl,  in  tbe  Eemirir- 
<bW  oaak  «f  iW  U^natV  aad  OMlagoe^  hs  tenninal 
dmaaB  dboM  dv  ceMs  of  die  dmaf  ovrfifory  Hut^tua  and 

■  ^^Miiiiil  L""|ii  iifi'Bi  (PiHir'iinilrii  ),  ■!  till  liiTiiiil 

■  ■|,H  «r  tfe  leor  of  tW  Smnk  nntride.  pt'oTE.— 'Die 
pnipfaenl  iiiimj,  vUck  he  h^  or^iin  id  tbe  vi^bulur 
^■■£li<»  (iataMearaMn  ^aplifoniib  of  Srairpa)  situated 
vilUn  tfar  majMtwy  mains,  is  dirklMl  into  two  pnTtions — 
ao  cxtmMl  and  an  internal  portioa.  The  externa]  portion 
of  the  nrann  pa£ie«s  from  tbe  gan^ion  and  terminates 
abjot  the  fti-ifonn  cells  in  tbe  ^eniiriraiUr  «in»l.  The 
intenial  jKwtion  pft««^  dor?a!lT,  and  lemiinGtes  about 
tbe  dorsal  audilorr  nucleus  and  neighboring  groupr:  of 
cel1$  (EViler^'  nneleus)  at  tbe  lateral  margin  of  tbe  floor 
of  tbe  fourth  ventricle.]  Part  of  the  fiWrs  unite  to  form 
the  descending  mot  of  the  eighth  nene,  while  others 
asvend  to  tite  oerel)ellum  as  tht  direct  sensorj"  cerebellar 
tract.  From  the  j^enson'  nucleus  the  central  neuron  (tra|>- 
ezoiil  body)  pas^e^  up  to  the  (mesial  ?)  fillet,  and  so  to  the 
cortex,  after  undergoing  deeussation  in  the  raphe.  The 
cortiful  area  h  not  kmiH'n. 

The  eour*  of  the  optic  and  olfactorj-  ner\'e6  differs  from 
that  of  the  sensoiy  nerves,  which  we  Imve  described  eo  far. 
In  fact  tliey  are  not  to  be  rt^ardcd  as  jxriphonil  ner>'es, 
but  as  niiMiificd  portions  of  the  cerebnini,  as  ajiix^rs  from 
an  examiniition  of  their  structure  und  developnient. 

4.  Optic  Nerve. — The  penph<r<il  mwon  is  situated  en- 
tirely within  the  cxtemal  layers  of  the  retina.  The  cerUrtil 
iii-i'i-'iii  hcninw  in  the  internal  ganglion  layer  of  the  retina, 
llic  iii'iinm  filler  in  its  centripetal  course  being  contained  in 
ihe  «\>tu-  ner\'e.  A  partial  deuussotion  takef  place  in  the 
chiasm  in  su(?h  a  way  that  tlic  tiWrs  fi-oni  the  left  half  of 
each  mtina  mnie  to  lie  within  the  left  optic  trad,  and  those 
from  the  right  Imlvos  in  the  right  optic  tract.  Thus  the 
tiliri-;  fiinn  llu'  nn.-iiil  halvcH  of  Iwtli  retiiiic,  compriMi^ 
Miii-lfiriil,-  i>r  llir  cntiix-  optif  ner\-o,  uiidci^i  dccu.-*sati<Mi. 


It  follows  tliat  (aeh  oirtic  tract  contains  fibers  from  both 
optic  nerves,  rep ivson ting  both  long  antl  sliort  nerve  tracts. 
The  long  nerve  tracts  nin  within  the  optic  tract  to  the 
lateral  genieulate  botly,  which  tijey  encircle,  and  pass 
directly  to  tlie  adjoining  posterior  liiuh  of  the  ititemal 
capRule,  occupying  its  most  powterior  portion,  and  eventu- 
ally terminate  in  the  occipital  lolw  ((Jratiolet's  optic  radia- 
tion). The  existence  of  these  direvt  libers  lias  been  dis- 
put<!d,  and  not  without  good  reason.  The  short  ner\'e 
tracts,  which  are  undonbtedly  by  far  the  more  immerous, 
mnlergo  tlieir  t^'rminal  divLtion  in  the  cells  situated  about 
the primari/  optic  centers  (lateral  geniculate  Ixwiy,  anterior 
corpus  quadrigeminum,  and  pulvinar).  From  these  cells 
a  third  eentrocorticiil  neuron,  consisting  of  the  ncrve-fibera 
of  these  cells,  joins  tJie  optic  radiation  in  the  posterior 
lirab  of  the  capsule,  and  i^asses  to  the  cortex  of  the  occip- 
ital lobe  (cuneus).  Here  the  fibers  from  bolh  nerve  tracts 
undergo  their  lermiual  division. 

The  optic  tract  also  contains  fibers  derived  from  the 
anterior  corpus  qnadrigeniinnm,  which,  for  the  most  }tart, 
undergo  detrussation  and  pass  centrifugally  to  the  retina 
(descending  optic  fibers).  Their  significance  is  not 
clear. 

5.  Olfactory  Nerve. — The  penpheral  iiearon  is  repre- 
sentwl  by  the  olfactory  ner\es  which  begin  in  the  special- 
ized epithelial  (.*lls  of  the  niembrana  olfactoriii,  the  ana- 
If^esof  spinal  ganglion  cells.  Tlies':  tiotniuddllat.'.l  f!bri-s 
go  to  the  olfactory  bnlb  and  tcrniiiiiilc  !irni;M<l  tlic  cells 
situated  in  tlial  structure,  which  form  the  olliu-lory  glo- 
meruli. From  this  jKunt  the  cenb-al  ((^(^^(niitnd  cells) 
continues  within  the  olfactory  tract.  Some  of  the  fibers 
undei^  dccnssniion  in  the  anterior  wimmifwnre,  wliile 
others  pass  directly  to  the  cortex  in  the  gyrus  fornicatiis 
and  gyrus  hipponimpi.  (The  fornix,  corp«ira  .'dbicnntia, 
■nd  various  l)undlei<  of  filers  in  the  Ihalamcncephalon  also 
form  part  of  tlie  "olfactory  fibrillation"  and  its  assoeia- 
tiOD  bundles.) 
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(6)  7^e  VMibular  jVo-rc. — The  pripheral  : 
inates  where  tlie  neuron  cells  are  situated,  in 
cular  canals  of  the  labyrinth,  and  undei^oes  j 
divisioD  iibout  tiie  cells  of  the  dorsal  audita 
neighlwring  groups  of  cells  (Deitcrs'  nucleus)!! 
mai^in  of  the  floor  of  the  fourth  ventricle, 
peripheral  neuron,  which  has  it»  origin 
ganglion  (iiitumescenCia  gaugliforniis  of 
within  the  auditory  meatus,  is  divided  int 
an  external  and  an  internal  jmrtion.     Thei 
oi  llie  neuruu  pnsses  from  t!ie  ganglion 
about  the  fufitorm  cells  in  the  Kmicirculf 
internal   [wrtion    passes  dorsally,   and 
the  dorsal   auditory  nucleus  and   neighboa 
cells  (Deilere'  nucleus)  at  the  latend  mar 
of  the  fourth  ventricle,]     Part  of  tlie  fibej 
the  descending  root  of  the  eighth   nerv) 
asi'end  to  the  cerebellum  as  the  direct 
tract.    Fn>m  the  sensory  nucleus  the  centr 
ezoid  body)  passes  up  to  the  {mesial  ?)  fill* 
cortex,  aflxT  undergoing  decussation  in 
cortical  area  is  not  known. 

Tlie  course  of  the  optic  and  olfactory ; 
that  of  the  sensory  nerves,  which  we  have  | 
In  fact  they  are  not  to  be  regarded 
but  a.'i  niiHlifii'd  jiortions  of  the  cerebrum, 
an  f\iinii(i:ilinn  of  their  structure  and 

4.  Optic  Nerve. — The  peripheral  miir 
t\rv\y  within  the  external  layers  of  the 
neuron  begins  in  the  internal  ganglion  If 
the  neuron  fiber  in  its  centripetal  course  bei| 
the  optic  nen'c.     A  partial  decussati' 
chiasm  in  sueh  a  way  that  the  libers  from 
each  retina  come  to  lie  within  llie  left  optio^ 
from  the  riglit  halves  in  the  right  optic  t'. 
fibers  from  the  nasal  lialvi^  of  both   retf, 
two-thirds  of  the  entire  o\)tic  nerve,  unde't 
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eral  sensory  neiirun,  the  connecting  bmnoli  by  the  refiex 
oollitteraU  whioh  mmify  among  the  eells  of  tlie  uiit^rior 
liorn.  It  is  probable  that  ouly  a  part  of  tlie  eells  in  the 
anterior  horn  arc  concerned  in  this  reflex.  We  dintiii- 
guisb  a  short  and  a  long  reflex  arc. 

(a)  The  sliort  reflex  arc  oonsisbt  of  a  collnti^'ml  which 
passes  directly  from  the  posterior  eolumn  thi-ou^h  the  pos- 
terior horn  to  the  cell  in  the  anlerior  horn  ^pkntiir  reflex, 
patellar  reflex,  spinal  reflexes). 

(fc)  The  long  refir-r  arc  is  formed  by  tlie  reflex  isollateral 
splitting  np  ut>ont  ii  «11  in  the  anterior  horn.  From  tliis 
cell  an  ascending  and  a  descending  branch,  with  several 
aillikteruls,  pass  Uy  one  or  more  motor  ganglion  cells  whiob 
miiy  be  situated  at  various  levels  of  the  anterior  liom  and 
brain-slcin.  This  gives  the  possibility  of  reflex  move- 
ments Ining  tRinsniitted  to  more  remote  muscle  groups. 
The  Hliciv  111'  (lie  jnwterior  bingitudinal  bundle  ap|>eiir  to 
be  coTiwriii'il  in  this  thnetion  (reflex  tnuismission  of  sensory 
imimlses  to  ihe  movements  of  the  eye). 

The  Io(«liz)itioii  of  some  of  the  reflexes  belonging  to 
this  gronp  is  seen  in  Plate  13.  (For  more  detailed  de- 
scription see  Part  IV,  3.) 

3.  The  Complicated  Reflex  Arcs. — We  have  very  lit- 
tle di'fiiiite  kniiwledgf  of  the  course  of  these  reflexes.  The 
phttnjn'jiiil,  iKinii/,  and  hronrhiiil  reflex  arc  is  composed  of 
eensnry  fibers  from  the  trifaoial,  glossopbiiryngeid,  and 
pneuningastrie  nerves  and  the  c()rresponding  motor  nerves, 
the  pneuniogiistric  and  spinal  nccessory. 

Tile  ri.iijiiiii'tiraf  reflvx  is  composed  of  fibers  from  the 
trigeminal  and  tiiri:d  nei-vcs. 

The  iiiipillnrii  rrlh-.r  is  euni]»osed  of  libers  fi-om  the  optic 
and  oculoniiitor  iutvcs  (iroi-jxii-n  i|iiudrigeiidnii — oculomo- 
tor nwlens?),  The  reflex  collaterals  evidently  pass  from 
the  sensory  nerves  to  the  oorres|Hinding  motor  nnetei.  It 
is  supposed  that  the  oiirtex  is  also  inelnde^l  in  some  of 
these  reflex  nrtw,  AV'e  are  atill  without  any  sntticient  data 
for  the  loctdization  of  other  important  reflexes  connected 
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with  the  auditory,  optic,  and  other  uerves.  (For  a  de- 
tailed description  of  these  reflexes  see  Part  FV,  4.) 

The  reflexes  for  (lie  fiinetions  of  the  bladder  and  rec- 
tum are  situated  iu  tlie  sacral  cotxI.  (See  sensorj-  and 
motor  paths  for  these  or{r;uiw.) 

(b)  The  Volitional  Pathways. — Superimposed  above 
the  reflex  arc,  wliich  is  conipiwed  of  tlie  two  peripheral  neu- 
rons, there  is  a  second  arc,  formed  by  the  centra/  sensory 
and  motor  neurons  and  their  connecting  fibers  in  the  cere- 
bral cortex.  This  arc  effects  the  transmission  of  a  con- 
scious sensory  impulse  to  a  volitional  motor  act 

At  the  same  time  the  central  motor  neuron  exercises  an 
inhibitorj-,  and  the  8enst)ry  central  iieuron  a  controlling, 
influence  on  reflex  processes. 

All  conedotis  proeem'e'f  are  enactetl  in  the  cen-lind  cortex, 
in  which  the  sensory  nerve  tracts  end  and  the  motor  nerve 
tracts  bepin.  The  cerebral  cortex  also  contains  the  con- 
necting fibers  between  the  motor  and  sensory  portions  of 
the  cortex.  It  is  improbable,  although  conceiviible,  that 
the  sensory  neuron  filers  terminate  directly  nbout  the 
motor  ganglion  cells;  it  is  more  likely  that  one  ur  more 
neurons  of  another  kind  (transcortical)  are  interi>osed. 
(See  the  schema  on  Plate  17.) 

A  study  of  the  development  of  the  feliil  and  childish 
psychic  activity  affords  au  approximate  idea  of  the  char- 
acter of  conscious  processes  in  tlic  oerelwllar  cortex. 
Although  it  docs  not  actually  begin  until  after  birth,  yet  a 
scries  of  sensory  and  reflex  processes  are  enacted  even 
during  intra-uterine  life. 

The  first  movements  are  undoubtedly  reflex  in  charac- 
ter, since,  as  has  been  already  stated,  the  reflex  arcs  early 
assume  a  medullary  sheath.  Since  the  fillers  in  the  teg- 
mentum (fillet)  t>ecome  medulbted  lonp  before  those  in 
the  central  motor  tracts,  it  is  evident  tliat  there  is  a  i)ri- 
mary  transmission  of  sensory  impressions  from  the  entire 
perjphciT  of  the  biwly  to  the  cerebral  cortex,  es|>eeinlly  the 
'Vatcrior  central  convolution  and  tlie  parietal  lobe,  forming 
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the  basis  for  t)ic  volitional  activity  tliat  develops  later. 
Tiie  neurons  and  neuron  complexes  situated  in  tiiese  areas 
possess  the  peculiar  property  of  pemiauently  preserving 
these  sensory  impressions  as  memory  phfuivn,  and  repro- 
ducing them  later  under  certsiin  conditions.  In  this  they 
are  assisted  by  the  prlmani  cmnociatwn  proceg»es  (connec- 
tions with  other  cortical  neurons,  and  corresponding  ehemic 
and  physical  processes  in  llie  structuro  of  the  neurons  ?). 

After  the  child  is  bom,  another  set  of  memory  pictures, 
produced  by  the  sound-waves  that  reach  the  upjwr  tem- 
poral convolution  through  the  lateral  auditory  titlet,  are 
stored  tip.  In  like  manner  also  are  stored  up  the  vvmal 
impressions  which  pass  through  the  optic  radiation  and  are 
deposited  in  the  occipital  lobe,  especially  in  the  cortex  of 
the  cuuetis  and  in  the  gray  matter  surrounding  tlie  calca- 
rine  fissure.  In  addition  there  is  a  similar  storing-up  of 
olfactory  and  gnstatury  impressions. 

These  groups  of  niemorj'  pictures,  which,  as  we  have 
seen,  are  localized  in  different  portions  of  the  cortex,  are 
connecte<i  by  means  of  the  seeoiidary  asuodadon  processes 
with  each  other  and  with  memory  pictures  in  the  hemi- 
spheres both  of  the  same  (asso<^iation  tracts  in  the  stricter 
sense)  and  of  the  opposite  side  (commissural  fibers).  Thus 
each  individual  psychic  process  is  associated  with  a  distinct 
complex  of  s|»ecially  trained  neurons,  belonging  both  to 
the  projection  and  association  fibrillation  ;  these  associated 
and  cooperating  neuron  articulations  may  be  designated  as 
neuron  elevwntg. 

It  is  by  means  of  these  association  processes  between 
the  neuron  elements  that  Ideation  takes  place.  Every  idea 
or  concept  consists  of  a  collection  of  associated  memory 
pictures.  The  higher  asso<>iations  form  the  ideas,  and  the 
connection  between  these  higher  associations  gives  rise  to 
logical  mental  processes.  The  reproduction  of  this  asso- 
ciation is  called  a  roni-epi.  Only  a  part  of  all  the  associa- 
tions is  actively  eiignged  at  any  definite  time,  the  other 
part  remaining  dormant.     TheorginQi  Xiva  WlV^«*.  ">».., 
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I  therefore,  the  association  Hbrillatioii.     The  sum  of  the  ao- 

Tl  tive  associations  plus  the  newly  arrived  sensory  impres- 

sions make  up  the  greater  jtart  of  the  eonienU  of  eonscioiut- 
nr-sn.  Hence  consciousness  is  subject  to  continual  change. 
It  is  prolutble  tliat  a  considerable  portion  of  the  associa- 
tion fibers  are  concerned  in  what  is  known  as  subcon- 
sciousness (unconscious  associations).  In  addition  tu  the 
above-named  sensory  impressiona  there  is  another  set  of 
impressions  which  reach  the  cerebral  cortex  and  which  are 
worked  up  into  uticoTiscious  nssociatioiis.  These  include 
the  muscular  and  articular  impressions  which  are  con- 
ducted toward  the  center  in  tlie  early  reflex  processes. 
They  are  deposited  in  the  central  convolutions,  probably 
in  the  immediate  vicinity  of  the  motor  centers,  and  form 
the  so-called  innervation  Jeeliivf a,  produced  by  the  muscular 
activity  of  the  various  motor  acta  (kinesthetic  memory 
^  pictures).  t 

By  the  reproduction  of  these  memory  i>iclures  of  inner- 
vation— feelings  which  are  deposited  in  jKJstfetal  life  and 
connected  with  each  other  by  unconscious  associations — 
conscious  volitional  muscular  activity  is  in  some  way  made 
possible  and  subjected  to  the  necessary  control,  A  voli- 
tional movement  is,  therefore,  merely  the  external  expres- 
sion of  cei'tuiii  cmuxjrbi.  The  path  by  which  the  impres- 
sions are  transmitted  front  the  endings  of  the  sensory  cen- 
tral neurons  to  those  of  the  central  motor  neurons,  which 
must  be  situatwl  in  the  cortex,  is  the  true  anulc^ue  of  the 
reflex  colliiterals  of  the  [leripheriil  neurons. 

Perliajis  an  example  will  serve  to  illustrate  the  foregoing 
discussion.  On  Plate  17,  Figure  3,  we  see  the  reflex  arc ;  the 
sensory  jwrtion,  sp  (brown),  the  reflex  portion,  r,  the  motor 
{wrtion,  mp  (bine).  Above  the  reflex  are  we  see  the  cen- 
tral trart  for  con  serious  actions  :  the  sensory  jwrtion  (green), 
the  connecting  neuron  (black),  and  the  motor  portion  (red). 
The  memory  pictures  of  the  special  serisi-  impressions  and 

Liar   .ti-ns!iiions   are   deposited    around    the   sensory 
fibrillations  in  the  cortex — that  is  to  say,  in  the 
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commltisural  and  at^guciution  neurons  of  the  cortes  (black) 
which  go  to,  and  come  t'piim,  otlier  iin^as  in  the  cortex. 

If  the  toe  is  irritaK^O,  tliere  \»  a.  n-flex  twitching  in  the 
corresponding  leg  (reflex  arc  from  the  brown  neuron  to  tlie 
blue,  reflex  transmission  in  the  lumbar  cord) ;  at  the  same 
time  the  sensory  irritation  is  transmitted  by  means  of  the 
green  neuron  to  the  cortex,  where  it  bccomea  associated 
with  various  mental  pictui^s  and  produces  the  well-known 
sensation  of  pain.  As  a  second  irritation  is  thivatened 
(association  with  recent  optic  impressions),  the  painful  sen- 
sation sends  a  message  through  the  motor  tracts  (red-blue) 
necessary  for  the  movement  of  tlie  leg,  by  me^iis  of  the 
corresponding  iiinei-vulion  feelings  (paracentral  lobule), 
which  convey  tlie  impulse  to  the  muscles  they  supply. 

Among  the  various  cortical  activities  that  are  set  in 
motion  in  this  way  we  are  ciiiefly  interested  in  the  act  of 
speech.  As  the  child  learns  to  speak  the  sound  pictures 
of  the  woriis  that  it  hears  are  de|K>site(l  in  the  superior 
temporal  convolution  of  the  left  hemisphere  (word-sound 
center,  anwory  speech  center).  In  order  to  understand  the 
meaning  of  the  sound  pictures  (their  interpretation)  the 
associative  activity  by  which  they  are  encompassed  is 
necessary. 

The  sensory  speech  center  is  connected  by  means  of  the 
fiisciculus  uncinatiis  with  the  motor  speech  ceiiier,  wliich  is 
situated  at  the  base  of  the  inferior  frontal  convolution  on 
the  left  side  (Broca's  eonvnlutiiin).  In  this  area,  or  at 
least  in  its  immediate  neighlxirhiMxl,  tlie  innervation  feel- 
ings (kinesthetic  memory  pictures)  of  all  the  muscular 
movements  necessary  for  the  a**  of  sjieeeh  (ton};ne,  mouth, 
palate,  larynx)  are  de[)0sitcd  by  constant  exercise  and  imi- 
tation. The  prtxluetion  of  these  movements  in  response 
to  an  impulse  from  the  sensory  speech  center  ultimately 
leads  to  the  complicated  muscular  acts  necessary  fur  the 
production  of  letters,  words,  and  sentences.  If  by  any 
aceideut  the  hearing  of  the  child  is  destroyed,  the  power 
of  learning  to   speak   is  necessarily   lost  aoA  ^W  «Aiiiw 
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Utcomes  a  deaf  miitL",  The  prooesses  that  go  on  while  the 
child  is  learning  tu  ^jteak  are  constuntly  uccumpanied  by 
association  proceHeen  with  memory  pictures  in  otlier  centers, 
especially  visual  iind  tactile  images.  The  greater  the 
numher  of  images  atoreil  up  in  the  oirtt'X,  and  the  more 
effective  the  aasiwialions  between  them,  the  greater  will  he 
the  intellectual  capacity  of  the  brain  in  question.  The 
speech  centers,  like  those  which  preside  over  reading  and 
writing  and  which  will  be  discussed  lieliiw,  are  iimnd  only 
in  one  hemisphere — in  the  left  hemisphere  in  riniit-luuKk-d 
people,  usually  in  tlie  right  hemisphere  in  li'l'i-handcd 
people.  The  motor  speech  center  is  probably  idcntiejil 
with  the  centers  of  the  tacial,  liyixiglossns,  etc.  The  sjieech 
tract  (see  p.  47)  connects  these  centers  in  the  left  hemi- 


nest 

and 

f  reat 

I  tory 
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sphere  with  the  nuclei  of  the  seventh,  twelfth,  and  other 
nerves  on  both  sides  of  the  brain. 

When  the  child  learns  to  read,  the  graphic  memory 
pictures  are  deposited  in  the  visual  center  in  the  occipital 
lobe  (the  interpretation  of  written  speech  is  loilged  princi- 
pally in  the  angidnr  gyrus).  They  reach  the  conscious- 
ness, however,  only  by  assiwiutinn  with  the  auditory  center 
and  with  the  motor  sjieech  center,  because,  in  learning  to 
read,  the  graphic  image  is  always  convertdl  into  an  audi- 
tory image  and  into  a  motor  spc<icl)  innige  (reading  aloud). 
In  later  life  many  jtenple  are  more  and  more  able  to  dis- 
pense with  these  assoeintion  processes. 

In  learning  to  read,  the  graphic  images  are  deposited  as 
imiervation  feelings  of  the  movemcuta  coucerncd  in  writ- 
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ing  in  the  center  tor  the  riglit  arm,  aiitl  ii)  the  ailjuining 
poflU'rior  third  of  the  niidilk'  t'mntal  «ni  vol  lit  ion.'  They 
become  iutimatcly  at<»ot<iated  with  visual  and  auditory 
imagi^  oil  that  side  ol'  the  bruin ;  therefore,  the  motor 
graphic  images  of  tlie  letters  are  produced  before  the 
victual  images. 

In  some  individuuls  the  vit^iial  graphic  associations  are 
more  prominent,  while  in  others  the  kineKthetic  associa- 
tions ape  bftter  developed.  Hence  the  cortical  areas  in 
which  tliese  prooCHses  are  cniietcd  are  the  centml  convoln- 
tions,  tiie  superior  temiwnil  eonvoliitiun,  iind  the  coiivolu- 
tioua  of  the  parietal  and  oet^'ipilal  lolte.     The  frontal  lobe 


is  regarded  as  the  anatomic  basis  of  the  liigher  intellectual 
functions.  Bnt  it  is  to  Iw  remembered  that  the  compli- 
cated piWH-sMfs  by  whicli  we  are  enabled  to  ihink  necessi- 
tate ver>'  complex  assoeialions,  the  sum  of  whicli  can  not 
possibly  be  confined  to  the  activity  of  a  single  lobe. 

It  is  seen  by  Figure  21  that  the  left  hemisphere  is  the 
mon-  important  as  regards  the  dif^lnbiillun  of  llie  centers. 
The  "liileiU"  eorlical  anas  arc  wWtU:  'Che  dutled  an'iis 
oorres|>ond  witli  the  psychosensory  mid  privchumotor  areas, 

'  Simip  niitlioritiiH  plape  the  writing  cculer  in  the  inferior  pHrintol 
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I  projection  tracts  and  association  tracts,  wliile  the  other 

'  convolutions  of  the  cortex  (white)  are  said  to  cont:iin  ex- 

chieively  association  fibers,  (For  tlie  details  see  Plate  21.) 
Figure  22  is  intended  to  illustrate  the  i)nH'e!**'e  con- 
cerned in  the  acta  of  speech,  writing,  eli-,  Tlie  «>nnec- 
tiona  effected  in  s|»eakiiig,  writing,  and  reading  are  seen  in 
the  following  scheinc : 

1.  SfUsory  speecli  tmct  .1  ceuler. 

2.  Motor  Hpi-ech  tract       II  center. 

3.  Optio  tmct Ill  (-enter. 

4.  Kineelhetio  tract  tur  movements 

required  inepeakin^and  n-riting  IV  center. 

5.  Motor  tract  tor  writine V  cienter(ceDterfor:hearm). 

By  X  we  will  designate  the  ideation,  whiL-h  is  not  re- 
ganled  an  bound  to  a  particular  center,  but  rather  as  the 
effect  of  the  entire  associative  activity.  A  part  of  the 
more  inii>ortant  associations  is  added  (aa  a). 


Learning  to  sptak  :   ]  (n  3)  —  I  —  IHa  IV)  —  S. 


Ltaniiog  to  rcail ; 


Spontaneotis  reading : 

HponlanHins  wnliiifc :  i  —  I  ( II)  —  HI  —V  (alV)  —  5, 

Imitative  speecU  ■ :  1  —  J— II  l«  IV|  — 2. 

Imitative  writing  :  3  —  III  —  V  (n  IV)  —  5. 

Writing  from  dictation  :  1  —  I  (tllll  —  V  (a  IV)  —  5. 

Til  avoid  repetition,  iitiy  further  important  particniara 
in  regard  to  the  physiology  of  other  portions  of  the  brain 
will  i>e  refcrrp<I  to  under  the  bead  of  General  Symptom- 
atology, Part  IV,  3,  Topical  Diagnosis. 

A  wool  in  regard  to  the  coordination  of  motor  acts. 
Even  the  sligbtost  motor  act  necessitates  the  cooperation 

'  If  nit«hHnic»l,  vtitivou* cowKgt MsooiationB  [j-). 
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of  several  niuacle  groups.  The  regulation  of  the  proper 
working  of  the  various  iiiuHcles  concerned  in  any  simple 
or  wjui  plicated  act  is  called  coordination. 

Even  a  very  eimple  muscular  act  requires  the  coordi- 
nation of  antagonistic  muscles ;  how  much  more  tlicn  the 
complex  motor  processes  made  up  of  a  succession  of  dif- 
ferent single  act:?,  such  as  walking,  sptaiking,  etc.,  where 
not  only  each  individual  motor  art,  but  also  the  proper 
chronologic  suecession,  requires  careful  regulation. 

Cix»j>erating  muscle  grou[)s  derive  their  peripheral  and 
probably  also  their  central  neurons,  or  at  least  a  part  of 
them,  from  celk  tiiat  are  intimately  connectwi  with  each 
other  (coordination  centers  and  coortlination  tracts  of  the 
brain  and  spinal  cord).  Thus  tlie  nuclei  of  the  ocular 
muscles  and  tJie  nuclei  of  the  hy|>oglossus  are  very  inti- 
mately connected.  Even  a  single  cell  may  send  out  tiirough 
the  collaterals  motor  impulses  to  various  muscles,  and 
thereby  assist  in  the  coordination  of  the  muscular  act. 

The  sensory  impressions,  especially  impressions  of 
muscular  sense,  play  an  important  part  iu  coordination, 
and  itslill  remainstospeak  of  this  controlling  influence  and 
of  the  influence  of  the  cerebellum  on  static  coordination. 

There  is  no  doubt  that  the  cerebellum  exercises  an  influ- 
ence on  the  static  coordination  and  equilibrium  of  the  body 
in  tlie  erect  jwsition  and  while  walking.  For  this  purpose 
it  receives,  through  centripetal  nerve  tracts,  the  impressions 
of  muscular  sense,  and  optic,  tactile,  and  other  impressions 
from  the  periphery  of  tlie  body.  That  portion  of  the  pos- 
terior column  which  <Ws  not  join  the  fillet  makes  its  way 
from  the  nuclei  in  the  posterior  cord  through  the  rest iform 
bodies  lo  tlie  cerebellum.  We  further  know  that  the  cere- 
bellum receives  fibers  through  the  eercbellar  lateral  tract 
(function  unknown),  from  the  vestibular  nerve  (semicir- 
cular eanals — organ  of  equilibrium?),  and  fnjm  the  tri- 
geminus (direct  senson-  cerebellar  tract).  In  the  inter- 
pretation of  the  cei-ebellar  influence  on  coonlinatioo, 
however,  we  ar«  still  in  the  speculatWe  ^&f<e. 
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I  As  the  cerebellum  po^^esses  various  connections  with 

the  cerebrum,  it  is  quite  conceivable  that  it  may  exert 
some  controlling  influence  on  the  motor  centers  in  the  cor- 
tex, ami,  therefore,  indirectly  on  muscnlar  activity.  But, 
unfortunately,  it  does  not  appear  to  be  directly  connected 
with  tliese  centers. 

The  fibers  of  the  pons  connect  the  cerebellum  with  the 
ganglia  in  the  opposite  side  of  the  jwns,  where,  as  we  have 
seen,  Ijoth  the  frontal  and  the  tcm|)oro-occipital  jHintal 
tract  terminate.  It  appears,  tlierefore,  tliat  each  hemis- 
phere of  the  cerebellum  is  in  direct  communication  with 
the  frontal,  temporal,  and  occipital  lobes  of  the  opposite 
cerebral  hemisphere. 

In  iiddition,  there  is  a  communication  by  means  of  the 
brachium  between  the  red  nucleus  of  the  tegmentum  (which 
in  turn  is  connected  with  the  optic  thalamus,  etc)  and  the 
opposite  hemisphere  of  the  cenibcllum.  Although  these 
connections  between  the  eerehellum  and  cerebrtun  are  well 
known,  their  functions  are  not  understood,  but  it  may  be 
aaid  that  tlic-y  appear  to  be  in  some  way  associated  with 
coord  inatioLi. 

Then;  is  some  anatomic  basis  fur  the  theory  that  tbe 
muscles  art'  directly  influenced  by  the  cerebellum.  The 
cerebellum  is  conneoteil,  by  means  of  the  olivary  fibers 
in  the  restil'iirm  body,  with  the  olive  of  the  opposite  side, 
and  from  this  point  the  central  tegmental  tract  (mesial 
fillet)  is  continned  upward,  while  the  "olivaiy  tracts" 
descend  in  the  lateral  column  to  cells  in  the  anterior 
horn  (?).  When  all  is  said,  however,  we  must  admit  that 
we  have  no  definite  knowle<lge  on  this  point. 

It  remains  to  be  mentioned,  in  regard  to  the  cerelx>Ilum, 
that  it  does  not  contain  any  separate  centers  like  those  in 
the  cerebrum.  Any  one  part  of  the  cerebellum  ran  be 
supplied  by  another.  In  general  it  may  be  said  tiiat  it  is 
credited  with  a  ulatic,  tonio,  and  sthenic  influence  on  mna- 
oalar  activity. 


PART  IV. 

GENERAL  PATHOLOGY  AND  TREAT- 
MENT OF  DISEASES  OF  THE  NER- 
VOUS SYSTEM. 

(Plates  M  10  72.) 

I.  The  Causes  of  Diseases  of  the  ITerrous  System. 

The  diseases  of  the  nrrvuua  sj-stem  may  be  either  pri- 
marj  affectioos  of  the  nerve  substance  itself,  or  secundary 
to  diseases  of  other  tissues  of  tlie  body,  more  particularly 
those  in  the  iuiniediale  ueighborhuud  of  the  brain  (blood- 
vessels, niciubraiies,  bones,  etc.).  The  most  frequent  causes 
of  these  secondary  nervous  diseases  are : 

(a)  Degeneration  of  the  vascular  apparatus  and  its  coa- 
sequences  (arteriosclerosis,  thrombosis,  emlxtlism,  rupture, 
aneufTsm),  giving  rise  to  various  nutritive  disturbances  or 
to  meclinnical  compression  and  destniction  of  the  nerve 
substance. 

(4)  Acute  or  chronic  inflammatory  processes  in  the  cer- 
ebral and  spinal  meninges  (acute  tubercular,  syphilitic 
meningitis,  etc.)  ami  in  the  bones  of  the  skull  and  verte- 
bral oulumn  (osteomyeliti:',  caries,  gumma).  These  pro- 
cesses may  lead  to  mmpression  and  nutritive  disturbances, 
or  they  may  spread  by  continuity  to  the  nerve  substance. 

(c)  Tumor  formations  of  every  kind  in  the  tissues  named 
(sarcoma,  carcinoma,  osteoma,  solitary  tubercle,  gumma, 
cystiwrcus).  These  nsnally  lead  to  compression  of  the 
adjacent  nerve  substance.  Similar  injuries  may  also  be 
produced  by  cicatrization. 
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(d)  Metastatic  processes  derived  from  [>uriili:nt  foci 
(pyemia,  pulmonary  abscess),  tubercular  foci,  or  malignant 
tumors  in  otLer  organs. 

(f)  Intoxication  in  consequence  of  toxic  materials  being 
taken  up  or  formed  in  the  blood  when  diseasctl  foci  are 
present  In  other  part^  of  the  body  (diplitlieria,  septicemia, 
erysipelas,  typlioid,  syphilis,  nephritis,  diabetes,  etc.). 

(/)  General  constitutional  diseases  (anemia,  cuchexta, 
chlorosis,  etc.). 

The  diseases  mentioned  under  (c)  and  (/)are  frequently 
included  among  the  primary  diseases  of  the  nervous  sys- 
tem. In  addition  this  group  embraces  a  series  of  other 
toxic  and  infectious  diseases  which  manifest  themselves  in 
the  nervous  system  itself :  poisoning  by  lead,  arsenic, 
sccale,  and  alcohol;  acute  poliomyelitis,  acute  myelitis, 
tabe»  dorsalis,  acute  neuritis,  etc 

Here  belong  also  the  diseases  due  to  embrjonal  predis- 
position (muscular  atrophy,  hereditarj'  systemic  diseases, 
etc.)  and  the  group  of  functional  diseases  of  the  ner\ons 
system. 

Diseases  are  termefl  functional  when,  with  our  present 
methods  of  examination,  it  is  impossible  to  demonstrate 
any  anatomic  change  in  the  nervous  system  to  account 
for  them.  In  such  diseases  we  lack,  tlierefore,  an  exact 
knowledge  of  the  seat  and  character  of  the  disease.  They 
are  considered,  correctly  or  incorrectly,  as  disturbances  iu 
the  transmission  of  the  ner^'ona  function  (due  to  molecu- 
lar, chemic  morbid  processes).  As  our  methods  of  exam- 
ination are  [lerfected  their  domain  is  constantly  dimin- 
ishing. They  include  at  |)i-csent  hysteria,  neurastheoia, 
gennine  epile[wy,  chorea,  and  a  series  of  psychic  diatur- 
bnnces,  such  ns  nicliinclnili;!,  mania,  etc.  In  eontradistinc- 
ti.iii  to  tlic  riiiii'tluii;il  ilispiises  just  mentioned,  nervous 
ilisi'iisis  "itii  lic'iiinn-Miiiili'  anatomic  alterations  are  termed 
organic  and  localizable  diseases. 

Nervous  ilisra.-cs  arc  :i!>^o  divided  aceonling  to  their 
etiology.     Tims  wi.  MK^uk  of  endogenous  diseases  when 
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tlicy  are  due  to  ui^uiiic  pnidi^positioii,  and  uf  exogenous 
or  acquired  diseases  (toxic,  hifeetiuits,  utt;.).  But  in  view 
of  our  iiniH.Tfo(rt  knowledge  in  regard  to  the  etiology,  and 
L'speciully  for  di<lactic  reasons,  it  ia  advisable  in  the  classi- 
fication to  take  account  of  the  other  principle  as  well. 

In  regard  to  endogenous  diseases  of  the  nervous  sys- 
tem, or  such  as  are  due  to  faulty  embryonal  predisjMwition, 
it  niay  be  said  that  there  it<  a  group  of  diseawn,  one  or  the 
other  of  which  may  appear  rppeatedly,  either  in  tliR  same 
or  in  a  similar  form,  in  various  members  of  the  same  fam- 
ily. How  the  defect,  wliatever  it  may  be,  oii{;inally  en- 
tered the  family  we  are  unable  to  explain. 

As  in  the  case  of  most  orgsins, — heart,  kidnpv,  liver, — 
the  parenchymatous  material  used  up  in  the  function  of 
the  oi^n  can  not  be  completely  replaced  in  old  age,  and 
a  senile  atrophy  of  the  organ  must  therefijre  result,  espe- 
cially of  itH  parenchymatous  elements.  We  can  readily 
understand,  therefore,  that  in  many  indivldualti  this  senile 
exhaustion  of  individual  organs  or  parts  of  orgiuis  may 
occur  prematurely  if  those  individuals  have  not  originally 
been  supplied  with  the  necessary  vital  force.  In  such 
cases  atrophy  of  the  parts  will  take  place  as  soon  as  the 
power  of  replacing  the  used-up  material  is  lost  (cirrhosis 
of  the  liver,  contmcted  kidney,  etc).  The  same  principle 
applies  to  various  nerve  tracts.  Owing  to  simie  enibni- 
unal  defect  the  nerve  tract  ia  gradually  destroyed,  often 
many  years  before  the  death  of  the  individual,  and  noth- 
ing will  avail  to  arrest  the  destructive  pnx%>ss  (involution 
diseases). 

Recently  the  tlieory  has  been  advanced  that  the  choice 
of  the  nerve  tracts  which  degenerate  in  this  way  is  deter- 
mined by  the  character  of  the  function  which  they  sub- 
serve. Moreover,  that  those  tracts  which  are  used  roost 
(reflex  tracts,  sensory  tracts,  pyramidal  tracts)  an^  mitst 
liable  to  undei^  this  degeneration,  es])ecially  if  any 
nutritive  (liMturlKinccrf  already  exist  iu  other  parts  of  the 
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body  (cachexia,  intoxication).     This  tlieorv  appears  to  be 
confirmwl  by  some  cases  ana  disproved  by  others. 

EveD  Id  the  exogenous  diseases  of  the  nervous  system, 
oongenitul  or  acquired,  predisposition,  the  true  nature  of 
which  is  not  well  understood,  undoubtedly  plays  an  im- 
portant r6le.  In  many  diseases  it  is  possible  to  demon- 
strate one  or  more  concurrent  exciting;  causes,  such  as 
undue  mental  exertion,  excesses  of  all  kinds,  and  a  count- 
less varietv  of  constitutional  diseases. 


2.  Pathologic  Alterations  in  Nervous  Diseases. 

The  disease  may  affect  arbitrarily  a  certain  portion  of 
the  nervous  system  and  the  ncrve-ccUs  and  nerve-fibera 
which  it  may  liapjien  to  contain  (diffutic  or  focal  diseases, 
in  the  spiiiul  cord :  transverse  myelitis).  A^in,  it  may 
be  confined  to  a  combination  of  cells  or  fibers  or  even 
entire  ncun)ng  wliich  are  anatomically  and  functionally 
related  to  each  other ;  or,  finally,  it  may  involve  an  entire 
pathway  (system  diseases). 

If  two  or  more  different  combinations  of  neurons  or 
tracts  are  attacked  at  the  same  time,  we  speak  of  a  com- 
bined system  disease.  In  focal  diseases,  for  instance, 
the  corres])ondi]ia:  aresi  of  nervous  substance  is  destroyed 
by  an  extra va.sat ion  of  blond.  There  results  fn)ni  this  a 
defect  on  the  surface  of  the  oi^n,  or  a  cavity  within  the 
substance  of  the  orpin,  in  which  the  remains  of  liie  e<iliir- 
ing  material  of  tlie  bhxMl  can  often  be  demonstnited  long 
afterward,  althouf;h  the  (treater  part  of  the  contents  may 
have  undergone  absoqition. 

In  nutritive  di-ilnrbances,  such  as  arteriid  olwtmetion, 
compression,  or  inflammatory  processes,  softcTiinj;  or  sup- 
puration takes  place  if  pyogenic  micro-orgimisms  are 
present.  The  cells  and  nerve-fibers  invnlveil  undergo 
necrosis  and  degenemie  aimpletely.  The  priHiiietH  of 
citicom position,  euusistiM||^ieS3M^'^  "'  '''^  "'"'  '*!'"' 
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are  carriwl  off  by  tin;  leukocytes  (granule  cells).  lu  tliis 
case  also  a  defi-ct  or  a  cyst  finally  reisults.  The  neuroglia 
surrounding  a  Jefect  becomes  greatly  thickened,  and  fomiH 
an  envek)p  wliicli  ulso  partially  filk  the  cavity  of  the  cyst 
itself.  This  process  of  cicatrisation  eventually  results  in 
shrinking  of  the  affected  focus. 

But  in  addition  to  these  inflammatory  Gonsc<|ue[)ces 
every  focal  disease  gives  rise  secondarily  to  a  number  of 
other  morbid  processes.  M'e  have  the  so-called  secon- 
dary degenerations,  botli  ascending  and  descending,  vary- 
ing in  the  different  uer\'e  tmets  and  in  part  extending 
tliroiighout  the  entire  ner%'ou8  system.  The  mechanism 
of  these  secondary  degenerations  is  as  follows: 

Every  neuron  ceil,  as  we  have  seen,  exercises  a  nntri- 
tive  influence  on  its  com|M)nent  parts,  the  processes. 
Destruction  of  the  cell  or  interruption  of  its  connection 
with  tlie  corresponding  cell-fiber  is  followed  by  secondary 
degeneration  of  the  distal  extremity  of  the  fiber.  The 
neuron  cell  itself  also  suffers  secondary  alterations  if  the 
fiber  is  divided  in  its  continuity  and  the  function  is  thus 
interfered  with.  After  a  solution  of  continuity  has  taken 
place,  the  degenerative  process  b^ns  immediately  in  tiiat 
part  of  the  neuron  whicli  is  nearest  tlie  periphery, — that 
is  to  say,  its  terminal  divisions, — und  eventually  spreads 
to  the  entire  course  of  the  system  affected.  In  otlier 
words,  the  d^enerative  process  in  any  portion  of  a  filler 
separattHl  from  its  cell  iM-gins  at  the  periphery  and  works 
towani  the  controlling  rell.  If  the  solution  of  continnity 
is  complete  and  sudden  (trauma),  the  degeneiiition  fakes 
place  in  a  few  weeks  or  months,  and  an  irn'{>arable  gap 
results  at  the  site  of  the  degenerated  ncr\'e  tract  Regen- 
eration, which  lakes  place  only  in  peripheml  nerves,  is 
effected  by  the  proliferation  of  germinal  cells  from  cells 
of  the  slienth  of  Schwann,  which  eventually  succeed  in 
reconstnicting  the  nerve-fiber. 

SeeondaiT  <legenerntlon,  or  complete  loss  of  the  fiber, 
is  to  be  distiuguished  from  secondary  atrophy  nr  sioiijle 


80  GENERAL  FATHOLnc.y  AXD  TIIEATMEST. 

(lituinution  in  the  bulk  of  fibers  aiid  cella.  It  occurs 
wlieD  the  connection  witli  the  primary  focus  is  only  me- 
diate, although  the  normal  function  is  suspended. 

Disea^  foci  in  the  cerebral  cortex  give  rise  to  secon- 
dary degeneration  of  the  projection  and  aesociation  fitters 
which  take  their  origin  at  that  point.  In  the  ca^  of  the 
latter  degeneration  is  usually  only  partial,  because  func- 
tion may  atill  be  carried  on  by  means  of  collaterals  which 
may  have  escaped.  Secondary  dt^neration  also  occurs 
in  the  optic  thalamus.  Secondary  atrophy  develops  !□ 
the  various  parts  of  the  subthalamic  region,  the  fillet,  the 
red  nucleus,  and  the  brachiuni  of  the  opposite  side,  while 
the  remaining  pathways  and  nuclei  escape. 

In  lesions  of  the  mesencephalon  there  is  ascending  and 
descending  degenemlion  of  the  fillet  and  degeneration  of 
the  red  nucleus  and  of  the  optic  tract,  while  atrophy  occui^ 
in  the  ganglia  of  the  pons,  the  bracbia,  the  corpus  dcnta- 
tum  of  the  cei-ebelluni,  etc.  In  lesions  of  the  cerebellum 
degeneration  takes  place  in  the  restiform  body,  inferior 
olive,  middle  ^>e<luncle  of  the  cerebellum,  etc.,  while 
atniphy  takes  place  in  the  red  nucleus  of  tlie  opposite 
side,  the  bracliia,  etc.  Lesions  of  the  spinal  cord  are  fol- 
lowed by  ascending  degeneration  of  the  sensory  pathways, 
especially  the  long  pathways  (columns  of  Goll,  the  ct^re- 
bellar  lateral  tract),  and  descending  degeneration  of  the 
motor  pathwHvs  (pyramids,  anterior  and  lateral  columns 
of  the  cord,  etc.).  (For  further  details  see  Plates  65 
to  72.) 

Some  pjithwuys  apjxsir  to  |)Ossess  the  iiieiilty  of  under- 
going degenemlion  in  both  dirft:tions — us,  for  instance,  the 
tnict  of  till?  filk't.  These  nerve  paths  probably  contain 
fillers  of  diftci-eiit  origin. 

Under  the  microscope  the  anatomic  alterations  appear 
to  be  pnictiwilly  the  same  in  primary'  as  in  secoudarj'  de- 
generation of  the  nervous  tissue.  But  it  is  to  be  remem- 
bered that,  npart  from  coarse  iTHir]»hii]ogic  nltfrsitions,  we 
know  very  little  of    '        '-pt  delicate  morbid  processes  in 
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the  nerve-«:ll  aod  nerve-fiber.  In  the  gangliuii  cells  the 
protoplasm  becomes  cloudy,  then  degenerates,  und  finally 
shrinks.  The  cell  becomes  separated  from  lis  proot-sses 
and  the  latter  may  eventually  disappear  entirely,  or  we 
may  have  the  formation  of  vacuoles  and  abnormal  pi^en- 
tation.  The  nerve-fibers  swell  up  to  five  or  even  ten  times 
their  normal  size,  the  medullary  sheath  breaks  tip  into 
drops  aud  finally  undei^oes  absorption,  while  the  axis- 
cylinder  may  disappear  either  before  or  after  the  degener- 
ation of  the  rtheatb  (degenerative  process).  The  spaces  left 
by  the  disuppi'anince  of  the  uerve-cells  and  fibers  become 
filled  with  u  done  network  of  newly  formed  neurt^lia  con- 
taining numerous  bluod-veasels  with  thickened  walls  ;  fre- 
quendy  rouud-celled  iniiltrution  and  granule  cells  may  be 
seen.  (See  p.  79.)  The  final  stage  is  a  so-called  sclerosis 
or  substitution  of  cicatricial  connective  tissue  for  the  degen- 
erated nen'e-fibers.     (See  Plate  G3.) 

3.  Symptomatology  and  Topical  Diagnosis  of  Ner- 
vous Diseases. 

The  nervous  tissues  may  iT'act  to  the  various  morbid  pro- 
cesses in  one  of  two  ways  :  eilher  they  are  stimulated  to  a 
morbid  activity  or  the  function  is  inhibited  and  finally 
abolished  altogether.  Frequently  the  two  phenomena 
merge  into  one  another,  so  tliut  in  the  beginning  of  the 
disease  the  irritjitive  symptoms  will  be  more  pronounced, 
and,  as  the  disease  prt^rci^ses,  the  paretic  phenomena  or 
abolition  of  function  become  more  conspicuous. 

Disease  of  the  motor  curticomuscular  jwthway  may  give 
rise  to  irritative  symptoms  in  the  form  of  general  convul- 
sions, muscular  spasms  (tonic  or  persistent,  and  clonic  or 
intermittent),  wmrse  and  fibrillar  muscular  twitehings,  and 
to  paralytic  symptoms  in  the  form  of  weakness  (paresis  or 
paralysis)  of  one  or  more  groups  of  muscles,  depending  on 
the  extent  of  the  diseased  area. 

Disease  of  the  sensory  pathway  may  be  tbilowed  by  irri- 
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tative  symptoms  in  the  form  of  violent  nmiralgic  pains, 
morbidly  increased  stnisibility  (liyiiercsthesia,  Ii)'pfralgi'sia), 
and  bv  paralytic  symptoms  in  tlie  form  of  impairnivnt  or 
ooniplet£  loss  of  sensibility  or  only  of  special  kinds  of  i^n- 
sation  (anesthesia,  nnalgiesia,  thernio-anestlu-xia).  A  dis- 
ease of  the  pathways  of  oKirdinutinn  pmdiices  )>artiul  or 
complete  Iohs  of  coordination  in  mnsrnlar  movements 
(ataxia :  motor  ataxia,  static  ataxia). 

The  character  of  the  symptoms  depends  less  on  the 
nature  of  the  morbid  process  than  on  iti  localization  nn<l 
extent.  In  this  connection  it  is  im]>ortaut  to  distingiiiiih 
between  foml  and  system  diseases.  In  the  latter  the 
symptoms  are  much  more  constant  and  l<^ical  than  in  the 
former,  in  which,  of  conrse,  they  vary  accordinn  to  ilie 
to|Ktgraphy  of  the  diseased  focns.  The  interpretation  of 
the  symptoms  of  n er von s  diseases  rests  on  the  fiillowing 
principles : 

A  lesitm  of  the  central  motor  neuron  is  followed  by 
]iaralyeis  of  the  nniscles  which  it  snpplies,  the  mll:^cula^ 
action  being  withdrawn  from  the  control  of  the  will  power. 
Since  the  central  nenron  iimlergoe^  decussation,  the  par- 
alysis must  att'ect  the  op}wsite  half  of  the  body.  The 
paralysis  is  spastic, — that  is  to  say,  the  affected  niusclee 
offer  a  resistance  to  passive  movements, — the  nuiscular 
tone  is  heightened  (hypertonia),  and  the  muscles  evince  a 
tendency  to  undei^  spontaneous  shortening  (contraetures). 
Except  for  a  miHlenite  decree  of  "  atrophy  from  disuse," 
there  is,  as  a  rnle,  no  irne  dcjreiierative  nniscnlar  atrophy 
— that  is,  the  amount  of  protojilasni  in  the  muscle  is  not 
diniiiiishc<i.  The  reflex  arc  is  mil  intemipted  ;  on  the 
CDiiti-arv,  tlie  reflexes  are  heighteneil.  If  the  lesion  is  in 
the  vicinity  of  the  cells  of  this  neunm  (cortex,  central  con- 
volutions), the  initial  irritative  symptoms  may  consist  in 
involuntary  twttchings  of  the  muscle  or  muscles  affected, 
motor  irritative  symptoms,  tonic  and  clonic  sjiasnis,  epi- 
leptiform convulsions  (on  one  or  both  sides  of  the  body), 
choreic    movements,   or    glow    involuntary   inc<K}rdinate 
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movements,  athetosis,  or  iiivoliintan-  pxcessive  and  unus- 
ual movemontB  of  tlii!  iingers,  etc. 

A  lesion  of  the  peripheral  motor  neuron  ia  also  fol- 
lowed by  paralysis  of  the  affecti'd  muscle,  but  as  the  lesion 
ia  situated  behiw  the  deeussatiun  of  the  neuron,  the  par- 
alysis will  be  found  un  the  same  side  of  the  body.  In 
this  case  the  muscle  is  flaccid, — that  is,  there  ts  no  resist- 
ance tu  passive  movement, — muscular  tone  is  diminished 
(hypotonia,  atonia),  nnd  there  is  no  tendency  to  contrac- 
tures. The  rapidity  with  wliieh  the  muscle  undergoes 
degenerative  atrophy  depends  ou  the  character  of  the  dis- 
ease (the  protoplasm  of  tlie  nmscle-tihers  becomes  cloudy, 
and  then  breaks  up  into  granules  and  is  al>soi'be(l).  The 
muscle  is  finally  convertetl  into  u  fibrous  muss  arter  the 
protoplasm  of  the  muscular  fibers  has  completely  disaji- 
peared.  This  change  can  be  seen  micrt>scopieully  iu  a 
fresh  section  of  muscle.  The  d^eneroted  muscle  tissue 
shows  the  atpophieil  fibers,  whicii  have  a  reddish  color, 
while  the  sound  tissue  is  tkrk  red.  (See  also  Electric 
Diagnosis  in  Part  IV.) 

The  reflex  are  is  interni|)ted  and  the  reflexes  are  there- 
fore abolished.  The  fibrillary  muscular  twitchings,  in 
which  only  ver^'  small  fasciculi  of  the  affected  muscles 
participate,  without  producing  any  motion  in  tlic  muscle, 
are  often  to  be  regarded  as  irritative  syiu|)tomri  ;  the  mus- 
cle may  be  in  a  i^mdition  of  constant  undulalory  vibra- 
tion until  this  symptom  also  disappears. 

Iu  lesions  of  the  wnwy  paHuray  sensation  is  affected 
on  the  opposite  side  of  the  body  in  disease  of  the  cetitrii/, 
on  the  same  sitle  in  disease  of  the  pcrlpluritl,  neuron.  The 
differences  in  the  symptoms  are,  however,  not  so  marked 
as  in  lesions  of  the  motor  pathway.  The  irritative  symp- 
toms, coui^isting  of  violeni  ncurulgie  attacks  of  pain,  are 
referred  to  the  (xisttrior  roots  ([leripheral  neuron).' 

Since  the  motor  It.ict  traverses  Uie  entire  nervous  sys- 
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tern,  aod  in  its  ooiirse  frum  the  modulln  donriiwanl  the 
centnil  portion  successively  gives  off  tlie  periplieral  parts, 
the  mulur  symptoms  observinl  in  focal  diseases  aft'eoting 
the  ci'ntral  {mtliwuv  are  utilized,  so  to  speak,  as  the 
abscissa;  while  the  other  focal  symptoms  correspond  with 
the  ordinates  and  thus  indicate  Uie  level  of  the  Iwioii, 

We  sliall  now  proceed  to  a  difjcriplion  of  the  syniptoms 
of  focal  aD<l  system  diseosi-s. 


I.  SYMPTOMS   OF   FOCAL  DISEASES. 
A.  Cerebral   Diseases. 

Thfse  are  divided  into  direct  or  focal  symptoms  in  the 
true  sense  of  the  term,  and  indirect  or  remote  effects  on 
uctghboriug  portions  of  the  bmiu,  and,  liuiilly,  into  general 
Bynipf«ims  depending  on  the  nature  and  development  of 
tlie  lesion.  The  latter  include  fever,  cnchexiu,  vomiting, 
headache,  and  disturbances  of  the  psychic  activity.  Ex- 
tensive lesions  are  accompanied  by  disturbance  of  con- 
sciousness (coma,  somnolence).  The  following  description 
includes,  of  course,  only  the  direct  focsd  symptoms. 

I.  Symptoms  of  Cortical  Lesions.— -(a)  Frontal 
Lobe. — A  disease  iif  the  frontal  lobe  often  runs  its  course 
without  pHHliKing  any  symptoms.  If  the  diseased  focus 
is  very  extensive,  there  may  be  psychic  distnrlrances 
(apathy,  dementia,  lack  of  concent r;it inn).  If  the  poste- 
rior segment  of  the  inferior  frontal  eciiv.iliLtinu  on  the  left 
Bide  is  principally  involved,  there  will  be  motor  aphasia. 
If  the  lesion  is  even  more  extensive  and  includes  the  arm 
center  in  the  central  convolutions,  there  may  be  agraphia 
also  (inability  to  write  spontaneously).  lu  lesions  of  both 
frontal  lobes,  especially  tumors,  disturbances  of  movement 
of  the  trunk  (consisting  of  a  kind  of  ataxia)  and  of  phona- 
tion  have  been  observed. 

(b)  Central  Convolutions. — Disease  of  the  upjier  third 
and  of  the  po"  •'  lobule  is  followed  by  spastic  par- 
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alysisof  the  rntire  lower  cxtrtmity  of  the  opposite  side — 
emral  monoplf^a ;  irritative  eyraptoms,  if  present,  con- 
sist in  clonic  twitchings  and  choreic  or  athetoid  move- 
ments uf  the  leg. 

Lesion  of  the  middle  third  is  followed  by  spastic 
monopleffia  brachlalis  of  the  opposite  side,  and  sometimes 
by  irritative  motor  phenomena  in  that  extremity. 

Lesion  of  the  lower  third  gives  rise  to  facial  monoplegia 
of  the  opposite  side,  and  sometimes  to  twitchings  in  this 
portion  of  the  territory  of  the  facial  nerve.  Only  the 
lower  muscles  supplied  hy  the  facial  are  involved. 

Lesion  in  the  area  below  and  in  front  of  the  center  for 
the  face  is  followed  by  Ungual  monojAi-gin,  or  paralysis  of 
the  hypogloEsus,  on  the  opposite  side ;  the  tongue  is  turned 
toward  the  pamlyzcil  side. 

If  the  disease<l  area  in  the  central  convolutions  is  exten- 
sive and  includes  more  than  one  center,  it  follows,  of 
course,  that  more  groups  of  muscles  on  the  opposite  side 
will  be  involved — partial  or  total  hemiplegia  (with  total 
paralysis  of  the  extremities,  the  facial  and  hypoglossua 
nerves,  and  of  speech).  The  irritative  sympt^^ims  in  cor- 
tical lesions  in  tliis  area,  especially  when  due  to  trauma, 
consist  in  cortical,  partial,  or  Jack.-ionian  epilep:iy.  They 
are  characterized  by  the  successive  irritation  through  the 
association  bundles  of  all  the  motor  centei-s  in  the  order  of 
their  jiosition,  beginning  with  the  one  in  the  primary 
focus,  so  that  the  convulsions  occur  in  the  same  order  on 
the  opposite  side  of  the  body  (leg,  arm,  face,  or  in  the 
inverse  order).  Moreover,  they  may  even  be  conveyed  to 
the  other  hemisphere  by  means  of  the  commissural  fibers. 
There  is  also  a  sensory  Jaeksonian  epilejisy,  similar  to  the 
motor  variety,  which  manifests  itself  as  an  irritative  con- 
dition in  the  sensory  and  speech  centers. 

In  the  case  of  focal  disease  sittiat^Hl  in  the  central  con- 
volutions of  l>oth  hemispheres  there  will  l>e  bilateral 
spastic  paralysis,  dij/ifffin  facinlin,  hrwhinds,  etc,  (or  pseu- 
dobulbar purulysis). 
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f  The  paralysis  in  these  cases  is  ppawtic  (see  p.  82).     The 

1*  tendon  reflexes  on  the  iranilyzed  side,  and  freqiieiitlv  on 

the  otlier  side  us  well,  are  lieifilitwird,  wliile  the  rutuneons 
reflexes  on  tlie  other  side  are  "I'li'ii  iliniiiii-lu'd. 

(c)  Parietal  Lobe. — A  lesinn  nl'  ihis  Icilie  is  sonielinies 
followed  hy  disturbances  of  seiisjiiioii  in  tlic  opposite  lialf 
of  the  body  (muscular  and  cutaneous  sensations)  ;  the 
nature  of  this  disturbance  (lieniiuncstlieeia)  is  not  very 
well  understood.  Lesion  in  the  angular  gyrus  may  be 
followed  by  disturbances  in  the  oculomotor  nuiscles,  such 
:i.s  ptosif!  of  the  opposite  eye  and  deviation  of  both  eyeVmlls 
toward  the  side  of  the  lesion  (conjugate  deviation),  A 
lesion  of  the  inferior  parietal  convolution  (angular  gyms) 
on  the  left  side  is  said  to  protluce  alexia,  or  inability  to 
read,  while  the  power  of  s|>eech  is  not  affected. 

(d)  Occipital  Lobe. — Destruction  of  one  occipital  lolte 
is  fiilliiwed  1iy  the  visual  disturbimce  known  as  A^fJiMno/i^ia, 
or  l)liiidii(-s  of  the  temiKiral  half  of  one  retina  and  the 
nasal  half  of  the  other,  or  vice  versS.  For  instance,  if  the 
left  lolie  is  destroyed,  there  will  be  blindness  of  the  left 
half  of  each  retina,  m;  in  other  words,  loss  of  vision  in  the 
rij^ht  half  of  the  visual  field — light-mifviHumianops'ia,  If 
the  lesion  is  more  extensive,  especially  if  situated  in  the 
left  hemisphere,  there  may  be  loss  of  visual  meniorj'  pic- 
tures and  their  as,snciatious,  or  pfifdik  blindness — that  is, 
inability  tu  intcrjiret  or  |ierhiqw  only  to  name  an  obji-ct 
swn  (visual  ;i|iliii-.iii).  If  tin-  lesion  is  miilnU'ral,  thert' 
may  be  l.ita!  enrtical  lilindness. 

(e)  Temporal  Lobe. — I>.>tLii(tion  of  the  supirior  tem- 
poral convohitioii  ill  (lie  h'l'l  lirnii-i.liere  is  followed  l.v 
loss  of  the  auditory  w..rd-s..imd  nieirioiy  iiiLii^'es  ainl  thrir 
astwx-iationi',  or  m-iisory  iipluixhi^thut  is,  inability  to  un- 
derstand the  uv^anings  of  word.s,  although  the  [lOwer  of 
speech  is  retained. 

In   bilateral  lesions  there  may   be  cortiMtl  tjnijnegs  or 
sou  ml -deafness. 
(t)  Mesial  S  *  the  Hemispheres. — The  para- 
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central  lobule  belongs  to  the  ceiitnil  mnvolutioiis ;  the 
cimeiii^  to  the  occipital  lol>es.  De^tnictinn  lit'  the  uncinate 
gyrus  (gyme  liippocampi)  is  said  to  1m;  followed  by  central 
nnomiia,  ami  a  lesion  ul' tite  posterior  basul  st^icut  ul' the 
l«rietal  lobe,  by  a  ceiiirril  agrima ;  tlie  symptoms  are  pro- 
nounced only  iu  bilat^'ral  lesions. 

(g)  The  Insula. — A  lesion  of  the  left  side  of  the  insu- 
lar region  produeen  a  disturbanee  in  the  associative  activ- 
ity l«.'tween  the  speech  ccnt^TS  (probably  bcTause  of  de- 
struction of  the  fasciculus  uncinatu!^).  There  is  a  pnrlial 
inability  to  form  words  and  sentences — paraphma,  etc. 
There  is  a  want  of  control  of  the  sensory  speech  center. 

2.  Lesions  of  the  Centrum  Semiovale. — These  often 
produce  no  Mymplonir'  iii  iill.  If  tin'  li^iuii  involvcji  the 
destruction  of'  nerve  ]i:itli,s  Ifiiiliiig  I'lmiii  ihc  iiluive-men- 
tiuned  cortical  ai-eun  (:*ubcortiml  le^iiiins),  the  same  symp- 
toms may  be  produced  as  in  destruction  of  the  cortex,  ex- 
cept tliat  there  are  usually  no  irritative  phenomena.  Thus 
there  may  be  monoplegia,  apliasia,  hemianopsia  (ojitic 
radiation),  and  hemianesthesia.  As  the  central  nmtcir 
pathways  tend  to  converge  as  they  descend  into  tlic  while 
matter,  a  greiit  number  of  fibers  are  ofVen  involved  in  a 
comparatively  small  lesion.  Whereas  in  cortical  lesions 
monoplegia  predominates,  total  or  partial  hemiplegia  more 
frequently  results  from  subcortical  lesions. 

Lesions  of  the  corpus  callosum  usually  produce  no 

3,  Lesions  of  the  Internal  Capsule. — (u)  Desiruo- 
tioii  of  llii'  anterior  limb  usinilly  d»<'s  uot  give  rise  to  any 
dfrniin-^lnible  symptoms. 

(A)  IKstruelion  of  the  posterior  limb,  if  the  knee  only 
is  inviilvinl,  pHNlucee  jwrillysis  of  the  facial  (lower) 
and  of  the  liypt^lossus  (if  on  the  left  side,  aphasia)  of 
the  op[>osite  side.  If  the  lesion  is  bilateral,  diplegia; 
if  the  central  portion  is  involved,  liemipl<^ia  of  the  arm 
and  leg  of  the  opposite  side ;  if  the  scat  of  the  lesion 
is  in  the  posterior  portion,  partial  hemianeattieava,  c<  ^Jbim 
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M|i[M>iiiU;  side  of  the  body,  liemianopsiu,  and  sotuetimes 
impairment  of  hearing  (?).  As  a  rule,  the  lesion  is  so  ex- 
tensive that  the  greater  part  of  the  internal  capsule  is  de- 
stroyed, and  in  that  case  all  tlie  phenomena  mentioned  are 
present  together  (total  hemiplegia  of  tlie  face,  tongtic,  arm, 
and  leg  of  the  opposite  side  of  the  body,  with  hemianes- 
thesia, liemianojtBia,  etc.). 

The  eye  muscles,  the  muscles  of  mastication,  the  upper 
branches  of  the  facial,  and  the  muscles,  of  the  neck  and 
trunk  are  par.ilyscd  only  in  biliitenil  lesions,  as  they  have 
an  indcfvendcnt  innervation  on  liDtli  sides  of  the  body. 

4.  Lesions  of  the  Corpus  Striatum. — I^esions  of  the 
corpus  striatum  do  not  app<'iir  to  be  necessarily  productive 
of  any  symptoms,  and  llie  phenomena  that  usually  accom- 
pany them  are  to  be  attributed  to  involvement  of  tlie  ad- 
jacent inner  capsule  (indirect  .>iyrnpt"ms). 

5.  Lesion  of  the  optic  thalamus,  especially  when 
bil;iter;jl,  iri  folknved  bv  disturb:ini-is  of  the  psychic  re- 
Hexes,  such  as  laughing,  weeping,  cle. 

In  addition  to  disturbances  of  coordination  choreic  irri- 
tative phenomena  and  muscular  atropliy,  developing  with 
unusual  rapidity  on  the  other  side  of  the  body,  have  been 
referred  to  lesions  in  this  area. 

Destmction  of  the  posterior  section  of  the  optic  thala- 
mus (pnlvinar)  is  followed  l>y  partial  heniiaJio|)sia. 

6.  Lesions  in  the  subthalamic  region  are  followed  by 
cro-.-.Hlliciniainv-^lbf>ia  (li>inn  .ifthe  tillcl)- 

7.  Lesions  of  the  Corpora  Quadrigeraina. — The 
syinploni  proiluccd  is  a  iH^eoiiar  disliii'liance  of  the  gait — 
>^(iinil>ling,  uncertain  gait,  cerebellar  ataxia,  explained 
either  by  [)articipation  of  the  brachinm  or  by  remote 
effects  »n  tlie  adjoining  cerebellum  (?}.  This  peculiar 
gait,  however,  can  be  utilized  as  a  sign  of  disease  in  the 
corpora  quadrigemina  only  when  it  is  combined  with  other 
symptoms,  as,  for  instance,  ophthalmoplegia.  This  form 
of  |Kinih>is  inav  be  itw-lmr,  or  due  to  lesion  in  the  oculo- 
motor _^V  be  either  unilateral  or  bilaterai,  ao- 
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cording  to  the  situution  ;  bilateral  ettpt'cially  in  the  nuclear 
form  (probably  on  aoooiinC  of  the  close  proximity  of  the 
nuclei).  Lesions  in  the  more  anterior  nuclei  situatpd  in 
the  lateral  wall  of  the  third  ventricle  appear  to  produce 
paralysis  of  the  internal  muscles  of  the  eye  (the  ciliary 
muscles,  sphincter  pupillffi).  If  the  lesion  is  situated 
beneath  the  anterior  corpora  qiiadrigeniina,  paralysis  of 
the  internal  rectus,  superior  rectus,  and  levat^tr  paljie- 
brarum  superior  is  produced.  The  other  nuclei  of  the 
ocular  muiM'les  are  situat«^  more  posteriorly.  The  iitKhi- 
oens  escapes.  If  the  lesion  involves  the  tegmenluni  under 
the  corpora  quadrip;emina  (fillet),  there  will  be  ini'oniplete 
hemianesthesia  of  the  opposite  side.  Injury  to  the  orusta 
produces  hemiplegia  of  the  arm  and  leg  on  the  op{Mi&it« 
side,  and  sometimes  facia!  and  lingual  hemiplegia. 

If  the  lesion  is  unilateral,  there  will  be  total  hemipt^ia 
of  the  opposite  aide,  with  oculomotor  paralysis  of  the  same 
side  (peripheral  neuron  of  the  same  side).  This  form  of 
hemiplegia  in  which,  in  addition  to  the  decussating  central 
neurons,  certain  uncrossed  peripheral  neurons  are  involved 
in  the  lesion,  is  known  as  hemiplegia  altemans  (crossed 
hemiplegia).  If  the  lesion  is  bilateral,  the  symptoms  are 
moiltiied  in  accordance  witli  the  extent  of  the  lesion. 

The  paralyzed  eye  muscles,  of  course,  undergo  degen- 
erative atrophv,  while  the  paralvsis  ia  the  extremities  is 
spastic  in  character  and  is  not  accompanied  by  any  marked 
defeneration  of  the  muscle  tissue.  If  the  optic  tract  or 
the  lateral  geniculate  body  is  involved  in  the  lesion,  there 
is  total  or  partial  hemianopsia.  In  destruction  of  the  ]>os- 
terior  cor)>us  qnadrigeminum  nnd  the  median  geniculate 
body  the  hearing  is  often  disturbed,  especially  if  the  lesion 
is  bilateral. 

8.  Lesions  of  the  Pons. — Unilateral  lesion?  may  be 
followcti  by  hemianesthesia  (tillel),  brachioiTund  hemi- 
plcjjiu  (pyniniidal  trad  of  the  np|K)p'ite  side  of  the  body) 
paralysis  of  the  muscles  of  musticntinn  on  the  same  side 
(motor  portion  of  trigeminus,  peripheral  ncvwwx^ 
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I  ptttpriorir  of  the  Saaal  mufvie$  of  tb*  same  siJe  (p«ripb- 

f  eral    neurun,  hemiplcgiii  alteraan^).      E>«-Inic>ion  of  ihe 

nucleus  uf  ikr  abdtKt-us  U  folluwetl  by  ixtmliinix)  ociilo- 
molor  |siral\>i^  (rM'tus  externum  of  tlie  ?ame,  ami  rec-tits 
iulemu:^  uf  tbe  uppw^t^,  ^di^).  The  ^-n^K^'  svtuptotiis 
will  be  ane^tliesia  in  tbe  r^iuD  of  ibe  tngetuiiius  of  the 
^me  :>ide,  distil rbaoees  in  tbe  seiif«  of  ta^e,  disturUiDvts 
ID  the  power  of  articulation  (partial  inability  to  fonu 
letters)  uu  accuiiut  of  iuvolveiuent  of  fibers  fntni  the 
facial  and  hypogloesus.  Irritative  symptoms  in  the  form 
of  vertigo,  ataxia,  and  trismus  may  be  present.  Bilateral 
lesions  prodiiee  cwirespooding  symptoms. 

9.  Lesions  of  the  Hedalla  Oblongata. — If  the  lesion 
is  uoilaleral,  there  may  be  bractiuiorural  heniipl^ia  ami 
heiiiiiinesthesia  of  the  (i|>[m-ite  >ide  of  ihi-  IxkIv.  If  the 
internal  arcuate  GIk-i^  in  the  jK>sterior  sequent  of  the 
medulla  are  involved,  there  nuiy  even  be  bilateral  hemi- 
anei^lliesiu  (the  lesion  is  diuatnl  below  the  deett^sialion  of 
the  fillet).  In  addition  there  mar  be  {larfllysis  of  the 
hyp<^loev«ns  of  the  same  side  ({teripheral  neuron,  hemi- 
pli^ia  altemans). 

The  tongue  ia  turned  to  the  side  of  the  lesion ;  tlte 
muscles  on  the  corre>poncling  side  are  de^nerated.  As  a 
result,  there  ^'tll  be  defective  articulation  or  bulbar  speech, 
unaccompanied  by  disturbance  of  the  speech  center  (dys- 
arthria lahiolingualis). 

Among  other  symptoms  may  be  mentioned  paralysis  of 
the  muscles  of  dt^lulition,  paralysis  of  the  epiglottis  (dil- 
ute of  the  cartilage  to  close  the  larynx),  <]yspnea,  aphonia 
(paralysis  of  the  vocal  cords),  and  cirt^ulatorj'disturbniicps, 
especially  if  the  lesion  is  bilateral.  Destruction  of  the 
inferior  olives  is  said  to  be  followed  by  disturbance  of  (he 
equilibrium. 

10.  Lesions  of  the  Cerebellum. — The  symptoms  pro- 
duced are  susceptible  of  iiwiiy  iiiierpretati'ms  and  are  veiy 
indefinite.  Diseaf4?  of  the  vermiform  process  gives  rise  to 
tf/slurbances  oC-^^fifaJ^rium,  attacks  of  vertigo, 
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beilar  gait  (tottering  gait),  vomiting,  and  sometimes  occii>- 
ibil  lieaduclie. 

A  lesion  in  the  middle  cerebral  {wdiuiclc  is  iili-o  lultowed 
by  di^turiiciacc  of  Ihc  equilibrium,  vortigfi,  and  ibrced 
movements  (rotatiim  about  tlic  longitudinal  v.xis). 

Ix'sion.-i  of  the  licmispliiTes  may  be  unproductive  of 

II.  Focal  Diseases  at  the  Base  of  the  Brain. — Tbey 
arc  cliai-auleriKi'd  cliieHy  by  simultiimnuf^  jiarulysis  of  wv- 
eral  crunial  nerves,  either  of  tlie  same  or  of  both  sidea 
(oculomotor,  abduceiis,  facial,  trigeminu8,hyjiocloffjus,  etc.). 

A  lemon  may  at  the  eame  time  involve  the  cnista 
(hemiplegia  of  the  opposite  eide),  the  optic  tract,  and  the 
chiasm. 

It  foUows  that  there  may  be  a  great  variety  of  symp- 
tomB,  and  their  intt-rjirctation  should  not  be  difhculL 
(For  further  details  sec  under  Peripheral  Nerves  in  thta 
chapter.)  The  most  frequent  associations  are  the  second 
and  thinl,  the  Hxth  and  seventh,  and  the  tenth,  twelfth, 
and  eleventh  (inferior,  middle,  and  po,sttriur  fos^w  of  the 
skull). 

To  review  briefly,  a  typical  cerebral  paralysis  consists  of 
spastic  hemiplegia  and  hemianesthesia  of  the  opposite  side. 

In  conical  lesions  monoplegia  predominates  ;  in  lesions 
of  the  cap.-'ule,  simple  hemiplegia ;  in  Wionsof  the  coi-pora 
qtiadrigcmina  and  cnista,  hemiplegia  with  cro.siied  oculo- 
motor {taralysis  (hemiplegia  iilternanB  gU]ierior). 

In  lesions  of  the  jwus,  hemiplegia  with  paralysis  of  the 
trigeminus  and  facial  of  the  opjiosite  side  (licmiplegia 
alternans  media). 

In  lesions  of  the  mt-duUa  oblongata,  hemiplegia  with 
lesion  of  the  hyixiglossus,  etc.,  of  the  opposite  side  (hemi- 
plegia alternans  inferior).  This  is,  of  course,  on  the  sup- 
position tliat  the  lesion  is  unilateral.  As  the  projection 
fibers  gnidiially  approacli  each  other  more  and  more 
their  downward  course  to  the  cord,  there  ia  ^  tcitt**-^ 


"T^^I^H 


GENERAL  PATIlnLOGY  AND  THE  ATM  EST. 

iiigly  greater  possibility  of  the  lesion  pnxluciiig  bilateral 
gymptoms.  This  is  even  more  tlie  cast'  in  fixial  diseases  of 
tin;  spiiiul  cord. 


B.  Focal    Symptoms  in    Lesions  of   the  Spinal  Cord. 

As  hemiplegia  is  the  typical  cerebral  lesion,  so  para- 
plegia, or  paralysis  of  the  extremities,  not  only  of  one,  iiut 
of  both  sides,  is  the  typical  lesion  of  disease  of  the  spinal 
cord.  This  is  due  to  the  fact  that  the  motor  paths  for 
both  sides  of  the  body  are  situated  comparatively  near 
each  other  in  the  spinal  cord,  and  are,  therefore,  very  apt 
to  be  nft'ected  by  the  same  lesion. 

Unilatfnil  injuries  of  the  spinal  cord  may,  however, 
occur  from  stab  wounds  or  compression  by  a  tumor,  and 
present  a  very  typical  symptom-complex,  known  as  Brown- 
S6quard's  paralysis,  which  differs  from  the  clinical  picture 
seen  in  other  diseases  of  the  spinal  cord. 

Tliu»  a  unilateral  lesion  of  the  spinal  cord  is  followed 
by  paralysis  of  the  extremities  on  the  same  side,  varying 
more  or  less  according  to  the  seat  of  the  lesion,  while  sen- 
sory disturbances  are  produced  chiefly  on  the  opjiosite  side 
of  the  l>ody.  This  distribution  follows  naturally  from  the 
fact  that  the  motor  paths  decussate  above  the  beginning  of 
the  spinal  cord  in  the  decussation  of  the  pyramids,  while 
the  sensory  paths  enter  the  spinal  cord  for  the  most  part 
uncrossed  (anterolateral  column,  anterior  commissure). 
There  is,  besides,  a  narrow  7^ne  of  anesthesia  on  the  par- 
alyzed side,  corresponding  to  the  level  of  the  lesion.  This 
condition  is  due  to  injury  of  the  nncnissed  peripheral  neu- 
rons of  the  same  side  at  their  entrance  into  the  cord. 
Above  this  zone  of  anesthesia  there  is  a  narrow,  girdle-like 
zone  of  hyperesthesia,  due  to  irritation.  The  symptoms 
in  a  lesion  of  one  Imlf  of  the  spinal  cord  are,  however, 
not  ahvavs  fu  cloirlv  marked  as  we  have  just  described 
them,  the  f.ilhiwilig  are  the  more  important  fociil  symp- 
toma  usually  olwerved. 


LESIOX.f  IX  THE  CERVICAL  BHLARGEMES'T.  S-'i 

(a)  Lesions  in  the  Cervical  Enlargement. — If  the 
entire  transverse  section  of  tliu  cinil  he  iuvolviil,  eouipk'tc 
paralysis  of  both  anus  and  legs — parapk-gui,  ujiioersiUU 
— willi  complete  anesthesia  of  tiie  trunk  and  extremities, 
results.  The  paralysis  of  the  legs  is  spastic  (central  nenron), 
that  of  the  arms  flacoid,  if  the  lesion  is  situated  some- 
where between  the  lirth  cerviail  and  first  thoracic  vertebne 
(periplieral  neuron,  anterior  horn).  Those  muscles  of  the 
upper  extremity  whose  trophic  centers  iu  the  anterior  horn 
have  been  destmycd  undergo  a  degenerative  atrophy.  The 
tendon  reflexes  in  the  upper  extremities  are  abolished  (in- 
terruption of  reflex  arc),  while  those  iu  the  lower  extrem- 
ities are  heightened  (degeneration  of  tlie  central  inliibitury 
fibers).'  Sensation  is  distnrlwd  as  high  up  as  the  points 
of  entrance  of  the  posterior  root-fibers  into  the  diseased 
.segments.  There  is  also  loss  of  6phinct<'r  control  iu  the 
bladder  and  rectum,  on  account  of  the  interruption  in  the 
central  pathways  of  these  oi^ms.  Tlie  intensity  of  the 
symptoms  depends  on  the  extent  of  the  lei^ion. 

The  flaccid  paralysis  of  the  upper  extremiti<'s  affecta 
either  all  or  only  certain  groups  of  muscles,  according  to 
the  scat  of  the  lesion,  (For  further  elucidation  on  this 
point  see  Fig.  17  on  p.  .52.)  The  most  important  segments 
of  the  cervical  cord  arc  the  following: 

a.  Fourth  segment :  Paralysis  of  the  diaphragm, 

/}.  Fifth  and  sixth  segmentr* :  Paralysis  of  the  np|>er  arm 
(deltoid,  biceps,  bmchinlis  amicus,  supinator  hm^rtis)  and 
possibly  paralysis  of  the  muscles  about  the  shoiildiT. 

J-,  Seventh  and  eighth  segments:  Paralysis  of  the  fon-- 
arm  (muscles  of  the  forearm,  triceps). 

S.  Eighth  cer\'iea],  first  thoracic  segnientis :   Paralysis 

'  AhoDt  ten  cnsM  have  been  reported  in  whicB  complete  diviHion  ot 
theoord  hi  tlie cenicsl rr^on  wHsfolIoweil  ity  lonof  tlie  putellar reflex. 
Vorioiia  explnnntiona  have  heen  given  (or  these  exceptional  cnaes,— de- 
iceneratinns  in  the  lower  reflex  arc,  interference  with  the  reflexta  hy 
shnck,  or,  Hctwnlinic  to  others,  deRenenirion  of  the  oerelwllar  tnwts  to 
tlie  reflex  eenler, — but  at  oil  events  the  oliaF.Tviilions  nre  not  nulBcleijtl 
QumerouH  to  affect  the  truth  ot  the  ti1>ove  eUit«meDt  la  ocd<«>iir^' 
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of  the  small  muscles  of  the  hand  and  occasiiinally  pupil- 
lary symptoins.  (See  under  C,  1.)  In  all  these  cases  the 
miisclew  undergo  degenerative  atniphy. 

(b)  Lesions  in  the  Thoracic  Region. — The  upi»er  ex- 

ti-{'iiiitii',s  are  not  alli'eled  unless  the  first  thoracic  s^rment 
in  invoIvi>d  (small  muscles  of  the  liund). 

The  lower  extremities  are  the  seat  of  H  Hpastic  paralysis 
— parai>ieffui  inferior — with  heightened  reflexes  (]Kitcllar 
reflex  and  aiikie-clonus,  etc.).  There  is  complete  anesthesia 
(analgesia,  thermotactile  anesthesia,  loss  of  musoidar  geoBe, 
etc.),  extending  to  that  region  of  the  trunk  the  sensory 
fibers  of  which  enter  the  posterior  roots  at  the  level  of  tlie 
spinal  lesion. 

Tliere  is  also  loss  of  control  of  the  bladder  and  ivctnm. 
Those  nuiscles  of  tiie  trunk  whose  six'cial  segments  are 
iiichidi'd  in  the  lesion  undergo  degenerative  atrophy,  wlitch, 
however,  is  ii^nally  very  diRicnlt  to  demonstrate  (inter- 
eostiil,  hirnbar,  dorsal,  abdominal  museles,  etc.).  (See  Elee- 
ti'ic  l>i:i':riri>^is,  p.  lOil.)  7f  the  paraplegia  persists  for  a 
gri'Ut  lrnj;lli  iif  tiiiii,  the  paiellar  reHexes  may  become  faint, 
prnb:ilily  In  (■iiii-i'(|iii'iirc  cf  ihc  liiriiiatiou  of  eontraetures. 

(c)  Lesions  in  the  Lumbar  Enlargement. — Motion 
and  sensation  are  affected  in  the  lower  extremilies  only. 
There  is  n  faivUl  inferior  pniajilegia  (iR'rijiheral  neuron), 
with  complete  aneatliesia,  the  muscles  of  the  legs  under^ 
going  degcnenitive  ntropliy  and  the  reflexes  U'ing  abol- 
ished. Also  total  piiralysis  of  the  bladder  and  rectum 
(sphincter  reflex  preserved,  see  p.  123). 

If  Ihe  lesion  is  situated  in  the  upper  ^mrtion  of  the 
linnlKir  enlargement,  the  muscles  supplied  by  llie  eniral 
ii''i'V'(s  (ijiiadrieepa,  psoas)  degenerate;  if  in  the  lower 
pDt'liori,  lljose  supplied  bv  the  sciatic  (glutei,  peroiiei,  mus- 
cles ..(■  the  ciilC).  (For'mnre  detailed  information  on  the 
distribulinn  of  the  panilysis  hv  Fig.  IT,  p.  52. 

(d)  Lesions  in  the  Sacral  Region. — The  thigh  hi  this 
tapes,  while  some  of  the  small  muscles  of  the  fool 

i/Jic  paralyzed  and  atrophy.     There  is  anesthesia 
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tlie  outer  boi-dtT  and  tues  of  the  foot  am!  in  the  n^ioa  of" 
the  amis.  Tliure  are  total  vesical  and  rectal  jMiralyriis  and 
loss  of  sphin.-t.-r  retlt-XL-s.  Tli,-  palelhr  rt'tlex  is  pn'served 
IxK-aiif^c  the  li-ion  i-i  -itiiittfil  ii.werllmii  tli..'  nHex  arc. 

(e)  Lesions  in  the  Cauda  Equina. —  I'Ju'  syiupiimis 
arc,  ill  tlie  iiuiiii,  tlnw  i.t'  a  h'sii.ii  in  t!ie  hiiiiliosier.il  eii- 
Inrgemcnt,  as  the  cauda  cuutains  all  the  nerve  tracts  which 
begin  at  that  point.  If  those  fibers  of  the  crural  nerves 
that  are  the  highest  iu  situation  cgca]H-,  tiic  piii'iilysis  will 
appear  chiefly  in  the  muscles  supplied  by  the  sciatic  nerves 
— tliat  is  to  say,  there  will  he  a  flaccid  jMiralysis  of  the 
peronei  and  other  muscles  of  the  leg  and  of  the  small 
muscle,*  ()f  the  foot  {snmotiinos  also  of  the  flexors  of  the 
thigji  ami  'A'  tlii'  irhitoi).  Sensation  is  disturbed  in  the 
region  -iipjilietl  by  the  r^i'iittie  and  sacral  ncrvt«.  There  is 
compietu  pai-aly.sis  of  Ihc  bladder  and  rectum  if  the  nerves 
of  these  organs  are  involved.  The  patellar  reflex  will  be 
preserved  if  the  roots  of  the  cniral  nerves  are  unatfpcted, 
otherwise  it  will  be  almlished.  The  Achilles  tendon  reflex 
and  the  sphincter  reflex  are  alxilished. 

If  the  posterior  roots  at  the  corresponding  levels  are 
involved  in  the  spinal  lesion,  violent  neuralgic  pains  will 
appear  in  the  region  of  theirdistribution  ;  sometimes  these 
pains  correspond  only  tti  the  highest  roots  affected  by  the 
disease.  Xnt  infri-qnenttv  reflex  nmsenlar  twitchings  in 
the  [Miralyzed  limbs  arc  observwl  in  such  cases. 


C.  Symptoms  Observed  In  Lesions  of  the  Peripheral 
Nerves. 

Lesions  of  the  peripheral  nerves  are  fotlowcti  by  motor 
and  sensory  disturbances  which  corres|x>nil  exactly  to  the 
region  of  their  distribution;  hence  u  knowledge  of  these 
svmptums  is  indispensable  for  an  exact  diagnosis.  (See 
Plate  27.) 

Tlie  pandysis  is  flaccid  in  ehnnieter,  ;iiid  the  muscle 
undergoes  dt^unerative  atrophy  if  tlie  lesion    is   Bevew 
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(peripheral  neuron)  Tht  feensory  ditsturlHinc-ei  are  strictly 
CTMifiiietl  to  tlic  diotnliiitioQof  fheciitaucous  iiorve(iii  long- 
standing (!onditiona  tht  boundaries  tend  to  become  indis- 
tinct), Puiiiful  and  abnormal  seDsatiuus  are  often  com- 
plained q(  ([Mirestiii'sm  formication,  pricking  sensations, 
furry  feeling  burning,  ett  ).  Tlie  reflexes  are  diminished 
or  lost  if  tlieir  <<irres|Kinding  art«  are  included  in  the 
damaged  nerves. 

I.  Plexus  Paralyses. —  The  symptoms  of  plexus 
jiaralyscs  are  made  up  of  a  mixture  of  the  jiaralytic 
symptoms  of  all  the  ncr\-es  which  compose  them ;  the 
clinical  picture,  therefore,  presents  many  variations.  Some 
of  the  must  typieal  and  frequent  Ir.'inns  arc  the  following : 

(a)  Erb's  Paralysis  of  the  Brachial  Plexus, — This 
inv.ilvi-s  ti.i-  lilih  mid  sixth  ,'(rvir:il  rn,,ls,  d..slru<-li..n  of 
whieh  is  followed  hy  pa^aly^is  and  atrophy  of  the  deltoid, 
biceps,  brachialis  antieus,  supinator  longus,  supra-  and  in- 
fraspinatus. Accordingly,  there  is  inability  to  raise  and 
abduct  tiie  arm  or  to  flex  the  forearm. 

(b)  Paralysis  of  the  Lower  Portion  of  the  Brachial 
Plexus. — This  involves  the  eighth  cervical  and  first  tho- 
racic roots,  anil  leads  to  paralvi-is  and  atrophy  of  the  small 
muscles  of  the  hand  and  anesthesia  in  the  ulnar  region. 
In  addition  there  may  he,  if  the  first  dorsal  segment  is 
involved,  oculojiupillary  symptoms,  ns  miosis,  diminution 
in  the  paljiebral  fisnure,  retraction  of  the  bulb.  The  lower 
extremities  are  not  involved,  the  paralysis  differing  in  this 
respect  from  that  observed  in  lesions  of  the  corresponding 
figments  of  the  spinal  cortl. 

II.  Lesions  of  the  Cranial  Serves. — The  distribu- 
tion of  the  sensory  disturbance  f"r  the  various  nerve 
trunks  is  shown  in  Figures  2:!  to  'Hi.  The  symptoms  in 
lesions  of  the  indivi(hml  nerves  are  the  following: 

1.  Olfactory  Nerve. — Anosmia  of  the  corresiwnding 
half  of  the  nose  and  parosmia  (disagreeable  mlors). 

2.  Optic  Nerve. — Amnnmsis  of  the  corresponding  eye 
iof  the  entire  visual  field,  differing  in  this  respect  from 
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e  of  thu  optic  tract,  in  wIiicL  there  is  heuiiuuopsia,  ur 
lossof  vision  in  one  half  of  the  field.  In  some  rases  there 
is  only  impairment  of  the  visual  acuity — contrtiction  of 
the  visual  field  and  atro|»hy  of  the  optic  nerve  (white  pap- 
illa), mydriasis,  and  reflex  pupillary  rigidity,  while  sensual 
reaction  is  preserved. 

In  lesions  oftlie  chiasm 
there  is  bitemporal  hem- 
ianopsia (destruction  of 
the  internal  retina  bun- 
dles which  decussate  at 
this  point). 

3.  Oculomotor  Nerve. 
— Ptosis  (paralysis  of  the 
levator  palpebrse  snperi- 
oris) ;  inability  to  rotate 
the  eye  inward  and  up- 
ward (internal  rectus ; 
superior  and  inferior  ob- 
lique); crossed  diplopia ; 
fixation  of  the  bidb  in 
downward  and  outward 
rotation,  owing  to  con- 
tracture of  tlie  intact  ex- 
ternal rectiLs.  Further, 
there  are  pupillary  rigid- 
ity anddilatation(mydri- 
asia),  due  to  interference 
with  the  action  of  the 
sphincter  muscle,  and 
loss  of  accommodation 
for  near  objects  on  ac- 
connt  of  paralysis  of  the 
dliary  muscle. 

A.  Trochlear  Nerve, — Diplopia  in  looking  downward 
(superior  obli(]Ue). 

5.  Trifacial   Nerve. — (a)  SuprororbiUU  Braittih. — An- 


Fig.  23.  —  f,,  First  division  of  tri- 
facial: so,  SDpra-orbiUil;»f,  BDpmtmch- 
leor;  if,  intratrochlear;  e,  eUiiiioiilal; 
laterally,  the  lacrimal.  V„  Second 
diviwon  of  trifacial;  if,  Infra-orhitol; 
labial,  sup.  l'„  Third  division  of  tri- 
facial: of,  AnricDlulrrapoml;  lab.  int. ; 
m,  mental,  am,  Auricularia  inagnns; 
Mni,  oooipitalia  minor;  oma,  ovcipilolia 
major;  o,  subcntAiieus  cnW'i  sup., 
med..  inf.  (oervical.  ant.);  rp,  (lerviail. 
dorsal.  Tlie  dots  indioote  wh^re  the 
electric  cnrrent  shoiild  be  applied  to 
the  facial,  phrenic^,  brachial  pleius,  etc. 


estiiesia  hi  the  skin  of  the  brow  and  bridge  of  the  nose  and 
of  the  conjunctiva.     (See  Fig.  23,  t'j.) 

(6)  Infra-orbital  Bramh. — Anesthesia  of  the  skin  on  tlie 
cheeka  and  aire  of  the  nose,  anesthesia  of  the  pahite  and 
disturbance  of  the  sense  of  taste  (Fig.  23,  F,). 

(e)  Infenor  Maxillary  Divigton. — Anesthesia  of  tlie  skiu 
over  the  lower  jaw  and  of  the  mucous  nieiiibrane  of  the 


ir 


tongue  and  mouth  (Fig.  2.S,  V^).  Disturbance  of  the 
sense  of  taste  in  the  anterior  segment  of  the  tongue ; 
paralysis  of  the  muscles  of  mastication  and  disturbance  in 
salivary  socretion  ;  trismus  (spasm  of  the  muscles  of  maa- 
tication  due  to  irritation).  Irritation  of  the  sensory 
teijes  gives  rise  to  trifacial  neuralgia  of  greater  or  less 
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extent,  according  to  the  seat  of  the  lesion ;  parfsthcsia  also 

6.  Abduc«ns  Nerve. — Inability  to  rotate  tlie  eye  out- 
waril  (external  rectus);  deviation  of  the  bulb  inward,  and 
diplopia  on  tlie  same  side  when  the  ghuice  is  directed 
downwaril. 

7.  Facial  Nerve. — Paralysis  of  tlie  facial  muscles  of 
e.tpressiun  (upper  and  lower  iacial),  of  the  mouth,  the 
nose,  the  orbicukris  oculi,  and  of  the  forehead.  The  lines 
of  tlie  face  are  obliterated ;  the  palpebral  fissure  can  not 
be  close<l  (logoplitlialnius)  ;  puckering  of  the  lips,  as  in 
whistling,  impossible  ;  inability  to  retract  the  angles  of  the 
mouth,  aH  in  laughing. 

Paralysis  of  the  digastric  (posterior  belly),  stylohyoid, 
etc.,  does  not  produce  any  gymptome. 

If  the  lesion  is  situated  within  the  Fallopian  canal,  the 
chorda  tympani  from  the  second  (tliird  ?)  branch  of  the 
trifacial  may  be  involved  and  the  sense  of  taste  may  be 
disturbed  in  the  anterior  segment  of  the  tongue. 

The  irritative  symptoms  arc :  Convulsions  of  the  mus- 
cles named,  convulsion  of  the  facial  nerve,  or  tic  convuisif, 
and  blopliarosjMism.  These  symptoms  may,  however,  be 
due  to  reflex  or  central  irritation. 

8.  Auditory  Nerve. — (n)  Coclikar  Nerve. — Deafness, 
jtaresthcsia, 

(i)  I'entihular  Xerre. — Disturbance  of  the  equilibrium  ; 
attncks  of  vertigo  and  vomiting,  with  tinnitus  auriiini  and 
whistling  noises — Mi'ni&re's  symptom-complex,  especially 
in  hemorrhage  in  the  labyrinth. 

9.  Glossopharyngeal  Nerve. — Partial  disturbance  of 
tlie  sense  of  tiiste  (posterior  segment  of  the  tongue) ;  anes- 
thesia  of  the  nasopharynx. 

10.  Pneumogastric  Nerve. — [a)  Srmori/  Branch  ( True 
l«(7«s), — Anesthesia  of  the  pharynx,  larynx,  esophagus, 
trachea,  and  bronchi. 

(t)  Motor  Bnmch  (m  part  derived  from  the  Spinol 
Acceaaori/). — Dysphagia  (paralysis  of  the  esopliagus^ ;  di*- 
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turbanc^s  uf  the  {raintric,  carJiac,  and  respiratory  fuuctions. 
Paralysis  of  tlie  ret-urrent  (paralysis  of  the  vocal  cords); 
if  bilateral,  aphonia. 

1 1.  Spinal  Accessory  Nerve. — (a)Pnetimog<i8lnc  Branch 
{Inferior  Lari/ni/nil ). — Paralysis  uf  the  rec-iirrent,  as  above. 
Paralysis  of  the  muscles  of  the  palate  and  pitaryux. 

(A)  Exienuii  Bran-ih. — Paralysis  of  the  stemocleido- 
mastoid  and  in  part  of  the  trapezius  (difficulty  in  turning 
the  hesid  and  ruising  the  shoulder) ;  irritative  symptom, 
spiism  of  tlie  spinal  aecessury  or  epastic  tortJeollis  (wry- 
neck). 

12.  Hypoglossus. — Paralysis  of  one  sitle  of  the  tongue 
(when  the  tongue  is  pnrtnide<l,  it  turns  toward  the  para- 
lyzed aide),  disturbances  of  the  articulation  (difficulty  iu 
forming  the  various  lett<?rs). 

UI.  Lesions  of  the  more  ImportaDt  Spinal  Iferves. 

— For  details,  wliicli  .-An  imt  hv  ^'ivcii  here,  see  Plate 
27  and  text.  Tiic  di.-triliiilinii  of  the  anesthesia,  which 
is  not  mentioned  here,  will  Ik'  iiiund  In  Pignres  24  and  25. 

1.  Great  Occipital  Nerve. — Occipital  neuralgia,  anes- 
thesia.    (See  Fig.  23.) 

2.  Phrenic  Nerve. — Paralysis  of  the  diaphragm  ;  irri- 
tative symptoms,  spasm  of  the  diaphragm,  singidtiis. 

3.  Axillary  Nerve. — Paralysis  of  the  deltoid  (difficulty 
in  raising  and  uliducttng  the  arm),  anesthesia.  (See  Fig. 
24.) 

4.  Posterior  Thoracic  Nerve. — Paralysis  of  the  serra- 
tiiH  majcniis  (the  scapnhi  project-s  fn»m  the  thorax  ;  inabil- 
ity to  nii^c  tlie  .irm  beyond  the  horizonlnl). 

5.  Anterior  Thoracic  Nerves. — Paralysis  of  the  pee- 
torrilis  mnjcir,  in;tbility  (o  nbduet  the  arm. 

6.  Musculocutaneous  Nerve. — Pandysis  of  the  biceps 
iind  ln'tiuliiali:*  anticus  (flexors  of  the  forearm);  anesthesia 
(sL-e  Fig.  24,  hitenil  mtnneouanfrve). 

7.  Radial  Nerve. — Pamlysia  of  the  triceps  (extension 
of  the  forearm);  aneonens  (absence  of  pn>minenee  of  the 

icoaeits   in  flexion   oV  l\\c  foveatm) ;    luiralysis    of  the 
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extensors  of  the  hand,  of  tlie  first  phalanges  of  the 
fingers,  ami  of  the  extensorn  and  alnliictors  of  the  thumb. 
(For  aiiewtlioia  see  Fig.  24,  A',  en/.  ])ogl,  mip,  aud  inf,  ram. 
doreaUH.)  The  hand  and  tingt-rs  are  paralyzed  and  Hmp 
(wrist-dmp),  and  the  grip  i»  considembly  weakenc-d  on 
aoMiutit  of  paralysis  of  the  anlagonistic  muscles. 

8.  Median  Nerve. — Paralysis  of  the  pronator  miisclea 
when  ihe  forearm  is  flexeil,  and  of  the  mdial  flexorK  of 
the  hand,  distid  phalangi'g  of  the  fingers,  and  of  tlie  thumb 
(including  the  fii'xor  carpi  ulnaris  and  the  ulnar  portion 
of  the  flexor  digitorum  profundus).  Inability  to  adduct 
the  tlmrai)  and  to  extend  the  distal  phalanges  of  the  sec- 
ond, thini,  and,  rarely,  of  the  fourth  fingers  (lunibricales). 
(Anesthesia  of  the  integument  supplietl  by  the  volar 
brimeh  of  the  median  iHT\-e,  see  Fig.  24,  m.) 

9.  Ulnar  Nerve. — Paralysis  of  tlie  flexor  carpi  ulnaris 
and  of  the  ulnar  portion  of  the  flexor  digitorum  prafundus 
{di,*tal  i>halanges  of  the  fourth  and  fifth  fingers) ;  inability 
to  flfx  the  fir^^t  phalanges  (interossei)  or  to  extend  the  dis- 
tal phalanges  of  the  fourth  and  fifth  fingers  (lumbricales). 
Inability  to  a<tduct  the  thumb  and  flex  its  first  phalanx. 
Owing  to  Ihe  unopposed  action  of  the  antagonistic  mus- 
cles, the  so-called  claw-hand  {viain  en  griffe)  is  produced. 
(Anesthesia,  see  Fig,  24,  w/n.  guperfic  and  dorsafu.) 

In  paralysis  of  the  ulnar,  median,  and  radial  nerves  the 
power  of  writing  is  much  imjwiretl,  and  the  patient  finds 
it  impossible  to  seize  and  hold  things.  Complete  paralysis 
of  even  one  of  these  nerves  materialiy  affects  the  useful- 
ness of  tlie  hand. 

10.  Intercostal  Nerves. — .Sensory  irritative  symptom, 
intercostal  her[>ea  zoster.      Anestliesia. 

11.  Crural  Nerve. — Paralysis  of  the  psoas  (elevator  of 
the  thigh)  and  the  quadricejis  (extensor  of  the  leg) ;  ina- 
bility to  walk  or  to  assume  a  standing  posture.  Patellar 
reflex  abolished.  (For  anesthesia  see  Fig.  25,  criiraliit, 
middle  and  internal  femoral  cutaneous,  and  saphenous 
nerve.) 
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12.  Obturator  Nerve. — Panilysis  of  tlie  adductor  iiius- 

dfti  ol'iiie  tiiij,'!!.     (Aiiestlieeia,  set  Fig.  2n.) 

13.  Sciatic  Nerve. — Paralysis  of  tiie  fiiot  and  toes  aiid 
of  tlic  flexors  of  tlie  lifr.  (Anesthesia,  see  Fig.  2-'),  ]»ero- 
iieal,  anterior  eutaiieouM,  and  plantar  neires.)  Irritative 
symptom  in  tlie  seiisorv  Hliere  of  the  nerve,  sciatica. 


File,  afi.^ii,    Ilio-in)tuinal ;    gp.r,  pxt*-nial   «p*niiotic;    i 
gaslrio;  t.p,  posterior  ci  ' 


14.  Peroneal  Nerve. — Paralysis  of  the  peronei,  tibialis 
nnticny,  cxtcnsores  digitornm  et  hallueis.    Inaliility  to  flex 
the  foot  on  the  l<'g  (fixit-drop).     The  outer  border  of  the 
lower  than  the  inner  lx>rder.    CoDtmctures  is 
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anta^nistic  rtiu^cles  (muscles  of  the  calf) ;  talipes  eqiiiiius 
or  talipes  vanis  (if  the  extensor  digitorum  only  is  involved) 
may  be  produced.     (Anesthesia,  see  Fig.  25,  peroiieus.) 

is.  Tibial  Nerve. — Paralysis  of  the  inuscWs  of  the 
calf;  plantar  flexion  ini[H>ssil)le ;  inability  to  flex  the  toes. 
By  contrpctures  in  the  antagonistie  miisclea  ( [xronei  extcn- 
eora)  talipes  calcaiiens  is  (JFoduced.  (For  anostiiesia  see 
Fig.  2.'j,  plantur  nerve.) 

D.    Symptoms  of  Disease  of  the  Sympathetic  Nerve. 

The  jKindytic  pyniptomsi  in  Ifwions  of  the  cervical  jxir- 
tioii  are  the  following : 

Miosis,  diminution  in  the  palpebral  fissure,  retraction 
of  the  bulb,  oeuiopiipillary  symptoms  (fibers  from  the  first 
dorsal  segment,  see  p.  94).  Anomalies  in  the  sweat  secre- 
tion of  the  corresponding  half  of  the  body.  Among  the 
irritative  symptoms  have  been  mentioned  dilatation  of  the 
pupil  and  disturi>ances  in  the  circulation.  Disease  of  the 
cardiac  and  splanchnic  branches  gives  rise  to  disturbances 
in  the  cardiac,  intestinal,  and  glandular  functions,  our 
knowlLKlge  of  which  is  very  imperfect.  The  nature  of  the 
disturbance  appears  to  be  chiefly  motor,  possibly  also  to 
some  extent  secretory. 


II.  THE  SYMPTOMS  OF  SYSTEM  DISEASES. 

The  tfvni  system  dl-ifiiscs,  as  hiLs  been  mentioned,  is 
applied  to  symmetric  proeosse.-)  affecting  an  entire  nerve 
path,  consisting  of  functionally  and  anatomically  related 
fibers  or  neurons,  or,  at  first,  to  processes  affecting  por- 
tions of  neurone  Bticcesstvely.  In  the  end  the  disease 
rarely,  if  ever,  confines  itself  to  one  portion  of  the  neuron 
(cell  or  fiber),  the  entire  neuron  l>eing  eventually  destroyed. 
The  localization  of  the  primary  seat  of  the  disease  is  often 
of  the  highest  rnijxtrtance  for  the  clinical  course.  Unfor- 
tunately, our  knowledge  of  the  direction  in  which  the  pro- 
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spread  and  their  point  of  origin  is  in  many  paiiicii- 
lars  very  incomplet'-. 

I.  System  Diseases  of  the Corticomuscular  Motor 
Path.— (a)  Of  the  Central  Neuron  {Simple  Spastic 
Spinal  Paralysis). — Cjirit'ri  of  tliis  kind  are  rare,  Ana- 
tjjniiually  we  Jind  u  ulowly  prugressiug  gyninietrii!  degen- 
eration of  the  entire  pynimidal  tract  (origin,  tiie  motor 
pyramidal  cells  in  the  cortex).  Clinically  we  ol>aerve  a 
slowly  inereaeing  spastic  paralysis  of  the  extremities,  with 
heighteneil  reflexes,  but  without  muscular  atrophy  and 
without  disturbances  of  scnsition  or  of  the  bladder. 

(b)  Of  the  Peripheral  Neuron. — This  leads  to  flaccid 
muscular  piralysla,  with  degenerative  muscular  atrophy. 
The  reflexes  are  abolished.  The  primary  seat  may  be  in 
tile  neuron  cell  or  in  the  neuron  fiber. 

a.  Primary  Cell  Diseases. — The  morbid  process  pre- 
siuits  a  great  variety  of  Hvniptoms,  depending  on  tbe  seat 
of  tbe  lesion. 

Chronic  and  aciUe  opidhalmopleffio,  when  the  lesion  is  in 
the  nuclei  of  the  ocular  muscles. 

Bulbar  Pajttfysls^  Chronic  and  Acute). — The  seat  is  in  the 
bulbar  nuclei  of  the  facial,  hypoglossus,  and  trifacial  nen'cs. 

Spii'iU  Muscular  A(rophy. — Tbe  leeion  is  In  the  gray 
matter  of  the  anterior  horn,  iwrticularly  in  the  cervical 
portion  of  the  cord. 

Acute,  and  Chronic  Anterior  Poliomyelitis. — Inflamma- 
tory processes  in  the  gray  matter  of  the  anterior  horn, 
afibcting  the  ganglion  cells. 

!i.  Primary  (?)  diseases  of  the  fibers,  neurotic  mus- 
cular atrophy,  jwroneal  type  of  niuscTilar  atrophy  (pero- 
neal, ulnar,  and  median  ncrveti).  Participation  of  the 
ganglion  cells  can  not  be  excludeci  with  certainly. 

'fbp  mrttttr  form  0/ multiple  ncurilis  may  urti.'ct  all  the 
motor  ner\'es. 

y.  Progressive  Muscular  Dystrophy, — The  disease  is 
confined  to  the  terminal  portion  of  the  neuron — >.  e.,  the 
"iBsc/e. 
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(c)  Of  the  Entire  Pathway, — In  these  cases  there  is 
degciK^ratitin  of  the  jiyr.iniidal  tract  and  of  the  peripheral 
nerves  (ganglion  cells  and  lil)er,  peripheral  nerve) — that  is, 
amyotrophic  lateral  sclerosis  and  possibly  bulbar  jianilysis. 
The  clinical  symptoms  are  those  of  spastic  paralysis  of 
the  extremities,  with  degenerative  muscular  atrophy. 

It  is  probable  that  numerous  int^^rniediatc  liirm.s  between 
these  distinct  varieties  occur. 

3.  System  Diseases  of  the  Centripetal  Sensory- 
Path. — Wc  do  not  know  of  any  isolated  affections  of  the 
central  i>ath  belonging  to  this  category.  There  is,  how- 
ever, a  degeneration  of  the  peripheral  neuron  (so-called 
tabes  dorsaiis)  of  quite  frequent  occurrence,  in  which  the 
neuron  may  be  affected  in  its  entire  extent.  In  rare  cases 
the  central  pathway  may  also  be  involved  (lateral  cerebral 
and  anterolateral  tract).  The  Bymptoms  consist  in  painful 
Hcnsatiana  and  disturbances  of  sensation  and  coordination ; 
the  reflexes  are  abolished.  This  category  also  includes 
the  sensory  form  of  multiple  neuritis. 

3.  The  Combined  System  Diseases. — These  include 
degenerative  pn>cesses  aflocting  siniultaueou.-ily  both  the 
motor  and  the  sen.sory  paths. 

(a)  Hereditary  or  Friedreich's  Ataxia. — The  central 
motor  neuron  (pyramidal  tract)  and  the  peripheral  and 
central  sens^orv  neuron  (pisterior  columns,  cerebral  lateral 
tracts)  are  diseased.  (For  symptoms  see  Special  Path- 
ology.) 

(b)  Tabes  combine,  or  true  tubes,  with  participation  of 
tlie  lateral  pyramidal  tract^i,  frequently  with  jiarticijiation 
of  other  neurons — for  instance,  peripheral  motor  neunins 
(oculomotor,  abducens,  etc). 

(c)  Another  class  of  morbid  diseases,  better  known  ana- 
tomically than  clinically  (posterior  C4)lumns,  lateral  cere- 
bellar tract,  pyramidal  tract).  Whether  other  cerebral 
tracts  may  b«»rae  the  primary  seat  of  system  disease  ia 
not  known. 
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4.  General  Considerations   on  Methods   of  Exami- 
nation and  Diagnosis. 

1.  Before  proceeding  with  the  exam i nation,  tlie  Iiisfory 
should  be  carefully  taken,  as  it  is  olli'u  of  tity  givatest 
assistance  in  the  diagnosis.  Among  others,  the  following 
points  should  be  carefully  determined  : 

(«)  Heredity  (nervous  diseases,  consauguinily  of  tlio 
parents,  psychosis,  alcoholism,  suicide,  tuberculosis,  and 
syphilis). 

(A)  The  previous  history  of  the  patient  in  regard  to 
mode  of  life  and  habits  (educatiiin,  tem]>eranioDt,  alcoliol, 
tobacco,  raorphiii,  excesses  of  every  kind);  occupation 
(overexertion,  manual  work,  lead,  arsenic) ;  former  dis- 
eases (psychic  and  bodily  injuries,  acute  infectious  diseases, 
tuberoulosis,  and  syphilis). 

(c)  The  history  of  the  present  disease,  its  cause,  mode 
of  origin,  and  course. 

2.  The  examiimtion  of  the  nervous  system  should  in 
every  instance  be  preceded  by  a  careful  examination  of 
the  genonil  condition  and  of  the  state  of  the  more  impor- 
tant internal  organs  (nutrition  and  vigor,  lung,  heart, 
abdominal  functions,  pulse,  urine).  Particular  attention 
should  be  paid  to  symptoms  of  syphilis,  tuberculosis,  pur- 
nlent  focij  malignant  tumors,  bone  diseases,  diabetes,  aund 
and  ocular  diseases. 

I.  The  Examination  of  the  Motor  Sphere. 
This  includes  :  I.  The  external  condition  of  the  mus- 
cles (atrophy,  hy]Tertn)]ihy,  folds  in  the  muscles),  to  deter^ 
mine  which,  by  inspct'tinn,  the  examiner's  eye  must  be 
trained  by  eonstimt  study  of  the  normal  body.  Atrophy 
in  the  muscles  of  the  linml,  iienineal  atrophy,  facial  par- 
alysis, atrophy  of  the  shoulder-girdle,  abnormal  position 
of  the  extremities,  etc.,  can  be  seen  at  the  first  glance. 
"^^       irt  o(  the  exaiu'mation  alwyld  include  measurement 
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of  the  atrojiliied  extremities  with  a  tape-raeasiire  an»!  oom- 
parison  with  the-  sound  side. 

2.  Examination  for  Motor  Irritative  Symptoms. — 
These  include  tremors  itftiie  estremitjes  (alcoholism,  mor- 
pliiiilsni,  neiiroiitheiiia,  Basedow's  disease) ;  we  distinguish 
iiue  tremors,  up  to  twenty  a  second,  aod  slow  tremors,  up  to 
six  vibrations  a  second.  Special  forms  are  the  tremor  of 
paralveis  agitans,  the  intention  ti'emor  in  muliiple  sclero- 
sis, which  is  rather  a  disturbance  of  coord  in  at  ion,  and 
n^'stagmuB  of  the  eye  muscles.  Spasms  of  individual 
muscles  or  muscle  groups,  either  clonic  (interrupted)  or 
tonic  (uninterrupted),  and  tetanoid  or  tonic  spasm  of  all 
the  muscles  of  the  bcxly.  A  contracture  is  a  permanent 
tonic  condition  of  i^jiasui.  A  convulsion  is  a  form  of 
extensive  tonic  or  clonic  spasm  ;  epileptiform  convulsions 
are  periodic  convulsions  (also  hysteric  convulsions).  Cho- 
reic movements  are  involuntary,  but  not  brusque,  like  true 
convulsions ;  the  movements  are  irregular  and  occur  in  the 
quiescent  state.  Alhefoirl  movements  are  similar,  but  extra- 
ordinarily exaggerated  movements,  occurring  especially  in 
the  fingers  and  toes.  These  conditions  may  be  present  in 
cortical  lesions  or  after  apoplexies,  but  may  also  occur 
without  apparent  cau^e. 

Fibrillary  muricular  contractions  have  bct-n  referred  to 
on  page  83. 

3.  The  Examination  of  Motor  Power. — The  jiowerof 
each  of  the  more  iniportunt  muscles  should  be  testetl  sepa- 
rately. IVir  estimating  the  |>owor  of  some  of  the  muscles, 
aa  those  used  in  f;ripping,  we  have  the  dynnmometi^T,  but 
in  most  c«ses  the  strength  of  the  muscle  is  determined 
by  comparing  it  with  that  of  the  other  side  and  by  the 
r^istance  offered  to  the  hand  of  the  examiner.  Pro- 
ficiency in  this  respect  can  only  be  acquired  by  long 
practice. 

The  functions  of  all  the  muscles  are  tested  in  the  order 
of  the  motor  nen,-es,  beginning  with  the  eye  muscles.  (See 
PUte  27.)     The  extent  and  force  of  bolii  active  aod^saar 
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sive  movements  should  be  determinetl,  tlie  attentiuu  being 
specially  directed  to  tlie  Joints. 

It  is  exceedingly  important  to  examine  the  gait: 
whether  it  is  paretic  or  laborious,  as  a  result  of  muscuUr 
weakness ;  spastic,  on  account  of  abnormal  miiK^ular  stiff- 
ness ;  ataxic,  from  disturbance  of  the  coordination  ;  hemi- 
plegic,  the  jiatieiit  dragging  one  of  his  legs  and  Bd\'ancing 
the  other  by  a  movement  of  adduction  instead  of  raising 
the  fool  (in  centnil  paralysis) ;  or,  finally,  jieroneal,  the 
tips  of  the  toes  drugging  on  the  gniiind  because  the  |»eR>nei 
are  paralyzed. 

4.  Examination  of  the  Power  of  Coordination. — This 
is  done  by.  requiring  the  patient  to  eariy  oiit  compliculed 
movement:!  of  the  arms,  sueh  as  bringing  the  tips  of  the 
fingers  t<^cther,  and  various  movements  of  the  legs.  If 
the  nicety  of  the  movements  is  impaired,  tlie  condition  is 
termed  aiaxia.  It  occurs  in  miihiple  sclerosis,  tal>e8  dor- 
salis,  hereditary  ataxia,  muhiple  neuritis,  etc.  Static  co- 
ordination (attitude  of  the  trunk)  is  tested  by  requiring 
the  patient  to  stand  with  his  eyes  closed  ;  swaying  under 
tliese  conditions  is  known  as  Komber^s  sign.  In  cere- 
bellar ataxia  the  gatt  resembles  that  of  a  drunken  man  and 
is  very  chara(,'leri:sti<'. 

5.  Examination  of  tlie  Electric  Condition  of  the 
Muscles. 

Electric  Diagnosis. — This  is  a  diagnostic  procedure 
of  the  greatest  value.  In  the  electric  examination  we 
utilize  the  galvanic,  primary,  or  constant  current ;  or  the 
faradic,  iudueeil,  secondary,  or  interrupted  current.  The 
galvanic  is  the  niore  important. 

(a)  Galvanic  Examination. — The  usual  apparatus  cod- 
taius  : 
1.  Cells oontaininB)  Banwn'soell       {(<^"^;jJi„  h^Jo,. 

(  (,rove  s  Dell  ^  Plntinnm  in  HSO,. 
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with  thi!  uddition  of  sulpLid  of  mercury  to  repluce  the 
used-up  zinc  amalgam. 

The  chomic  processes  (formation  of  a  salt)  that  are 
set  up  ID  these  cells  produce  a  diH'erence  in  the  electric 
potential  between  tlie  two  poles,  the  zinc  pole  (negative 
pole,  oxygen  pole)  and  the  carbon  pole  (positive  pole, 
hydrogen  pole),  and  the  nentnitization  of  this  difference 
by  wire  connections  produces  tlie  galvanic  electric  current. 

The  current  flows  from  the  positive  pole  (iinode)  to  tlie 
negative  pole  (catluxlc) — that  is  to  say,  fi-uui  the  carbon  lo 
the  /.inc.  To  assist  the  memory  it  may  be  remembered 
that  C  comes  before  Z.  The  electromotivu  force  dfpeods 
on  two  conditions :  the  internal  resistance  offered  by  the 
cells  and  the  external  resistance  that  the  current  has  to 
overcome.  The  dry  skin  of  a  human  being  at  fiist  offers 
a  very  great  resistance  when  it  is  included  iu  the  circuit. 
AiVcr  a  time  the  resistance  diminishes  and  is  finally  over- 
come, the  current  passing  without  interruption. 

The  strength  of  the  current  is  measured  by  means  of 
the  galvanometer,  and  is  expressed  in  railliamperes,  an 
arbitrary  unit  which  has  now  come  into  general  use. 

The  strength  of  the  current  can  be  gradnatetl  by  means 
of  rheostats  (the  addition  of  resistance  coils). 

The  healthy  muscle,  when  irritated  with  the  galvanic 
current,  reacts  with  a  rapid  and  lightning-like  contraction, 
both  on  opening  and  closing  the  current,  the  contractions 
taking  place  in  the  following  order  as  the  strength  of  the 
current  is  increased  : 

On  cathodal  closing,  CCl ;  anodal  closing,  ACl ;  anodal 
opening,  AO  ;  and,  finally,  on  cathodal  opening,  CO. 

If  the  current  is  still  further  increased,  a  tetanic  con- 
traction takes  place  (CClTe  l>elbre  AClTe). 

When  the  muscle  is  degenerating  the  electric  reactions 
are  somewhat  different.  The  contraction  does  not  take 
place  abruptly  and  like  a  flash  of  lightning,  but  slowly, 
sluggishly,  and  in  distinct,  visible  waves.  In  addition, 
anodal  closing  contraction  takes  place  before  the  cathodal 
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contraction.  This  morbid  conditiim  is  designated  as  the 
raidion  of  deffmerntion  (RD). 

As  degenerative  inasciilar  atrophy  only  occurs  in  lesiuntj 
of  the  peripheral  motor  nenron  (see  p.  8."!),  the  presents 
of  pronounced  reaction  of  degeneration  affords  a  sure 
means  of  distinguishing  central  disease  from  disease  of  the 
peripheral  motor  nenron.  Reaction  of  d<!generation  takes 
place  whether  it  is  the  cell  or  the  fiber  of  the  peripheral 
neuron  tliat  is  the  first  to  become  diseased. 

We  distinguish  between  complete  and  partial  reaction 
of  degeneration.  In  compkte  reaction  of  degeneration  the 
miiBcIe  can  not  be  stimulated  through  the  nerve  (indirect 
stimulation),  and  if  the  muscle  is  stimulated  directly,  the 
reactions  of  degeneration  ensue.  If  tlie  deg«?nerative  atro- 
phy has  run  its  course  and  the  muscle  is  completely  con- 
verted into  connective  tissue  (sclerosis),  even  the  reactions 
of  degeneration  disappear  in  direct  stimulation.  If  the 
muscle  recovers,  however,  the  reactions  of  degeneration 
disappear,  the  contractions  become  normal,  and  the  muscle 
res}>onds  to  stimulation  of  the  ne^^■e  (indirect  stimulation), 
even  before  the  reaction  of  degeneration  disappears. 

In  piirtliil  reaction  of  degeneration  the  muscle  can  still 
be  stimulated  through  the  nerve,  and  the  reaction  of  d^en- 
eration  ensues  wlien  the  must^le  is  stimulated  directly. 
This  form  occurs  in  milder  lesions.  Thus,  the  examina- 
tion with  a  gidvanic  cummt  enables  us  not  only  to  localize 
the  disturbance  (peripheral  neuron),  bnt  also  to  determine 
the  *TcriVy  of  the  kai/m — in  otiier  words,  the  prognosis. 

Tf  in  any  case  of  muscular  paralysis  due  to  a  lesion  of 
the  iKripheral  neuron  the  reactions  of  degeneration  do  not 
niidte  their  appearance  within  a  few  days,  a  complete  cure 
may  he  expected  in  the  conree  of  a  few  days  or  weeks  (mild 
form).  If  ))artial  reactions  of  d^ieneration  take  place,  the 
]>araly5is  will  last  not  less  than  several  months  (medium 
form).  If  complete  renctions  of  degeneration  occur,  re- 
covery may  take  place  after  several  months  (four  to  nine). 
fn  tlje  otlier  liaiid,  the  paralysis  may  be  permanent  (dia- 
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appearance  of  the  reactions  of  (Itineration — severe  form). 
The  last-named  result  can  not  be  predicted  wilh  certainty. 
The  reactions  of  degeneration  occur  in  conjunction  with 
fibrillary  muscular  contractions  und  an  atrophy  in  all 
nuclear  lesions  of  the  peripheral  neuron  (spinal  muscular 
atrophy,  anterior  poliomyelitis,  amyotrophic  lateral  scle- 
rosis, niyelitia,  etc.) ;  in  all  severe  lesions  of  the  anterior 
roots  and  of  the  peripheral  nerves  (neuritis,  compression, 
traumatism).  In  addition  to  the  qualitative  alteration 
there  may  also  be  a  quantitative  change,  in  the  Jbrm  of 
either  a  morbid  diminution  or  heightening  of  the  excita- 
bility of  the  mu.^le.  This  quantitative  difference,  how- 
ever, has  not  the  same  significance  as  the  qualitative 
changes.  Before  we  proceed  with  the  explanation  of  this 
alteration  we  will  describe  briefly — 

(b^  Examination  with  the  Faradic  Current.  —  The 
farauic  or  induction  apparatus  in  common  use  contains, 
in  addition  to  the  galvanic  cells  that  produce  the  necessary 
primary  current  (usually  the  modified  Ledanchfi  and 
Bunsen),  a  DuBois  Reymond  induction  coil  consisting  of 
two  movable  wire  coils.  The  primary  current  is  pnxlucec! 
in  the  primary  coil  and  generates  by  induction  a  secondary 
current  in  the  secondary  coil,  placed  above  the  primar;  coil, 
the  induced  current  flowing  in  the  opposite  direction  to 
the  primary. 

By  means  of  an  interrupter  (Wagner  hammer)  the 
primary  current  is  constantly  interrupted,  and  its  direc- 
tion changed  by  means  of  an  electromagnet.  In  this  way 
a  series  of  secondarj'  currents  are  induced  in  the  induction 
coil,  always  in  the  opposite  direction  and  also  alternating, 
the  strength  of  the  current  being  regulated  by  the  dis- 
tance between  the  setwndary  and  the  primarj'  coils.  The 
strength  of  the  current  is  rend  in  centimeters  of  the  dis- 
tance between  the  coils;  the  greater  the  distance,  the 
weaker  the  current.  When  the  reactions  of  degeneration 
are  present  under  stimuhition  with  the  galvanic  current, 
the  muscle  fails  to  respond  either  to  nervous  or  to  nuis- 
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cular  irritation  with  the  taradic  eurroiiL  If  recovery  takes 
place,  the  muscle  respouds  somewhat  earlier  to  indirect 
than  to  direct  stimulation. 

In  re^rd  to  the  quantitative  chaises  in  the  irritability, 
it  is  to  be  remembered  that  the  various  nenes  and  muscles 
require  varying  strengths  of  current  for  their  stimulation, 
depending  on  their  position  and  compositiou.  Hence  one 
must  know  the  average  strength  required  to  stimulate  the 
normal  muscle  in  order  to  be  able  to  determine  whether 
there  is  any  morbid  quantitative  alteration  in  the  excita- 
bility. The  necessary  current  strength  for  the  various 
nerves  and  muscles  is  determined  at  definite  points, — the 
motor  points, — and  for  electrodes  of  a  definite  size  (normal 
electrode,  3  sq.  cm,).  The  most  important  figures  in  mil- 
liamperes  for  the  normal  galvanic,  and  in  centimeters  for 
the  distance  between  the  coils  for  faradic,  irritability  of  the 
nerves  are  the  following,  taken  from  Stintzing  (the  figures 
for  the  muscles  are  comparatively  unimportant) : 

Oalranlt.  Farailte, 

Facial  nerve 1.75  ma.  121  am. 

Frontal  branoh  ....   1,45  "  12S  " 

MentuI  branch   ,    .    .    ,   0.95  "  132  " 

Spinal  aooeasory  Derre     .    .   .   0,27  "  137  " 

M«dian  nerve  (in  the  arm)     .   0.9  "  123  " 

Ulnar  nerve 0.55  "  130  " 

Badial  nerve 1.8  "  105  " 

Crural  nerve 1,05  "  111  " 

Peroneal  netve 1.1  "  115  " 


Morbid  increase  in  the  galvanic  excitability  occurs  esp&- 
cially  in  eonjuncliou  with  the  reactions  of  dcgeneratjou, 
and  without  the  reactions  of  degeneration  in  tetany,  my- 
elitis, etc.  (also  of  faradic  excitability).  Diminution  in 
the  electric  excitability  ai-companies  all  the  forms  of 
simple  atrophy  (central  palsies).  Morbid  diminution  in 
the  resistance  of  the  skin  occurs  in  Basedow's  disease,  in 
which  the  skin  is  abnormally  moist. 
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n.  Examination  of  the  Sensory  Sphere. 

I,  Subjective  Symptoms. — These  inchide  all  the 
statements  iif  ihr  |i;iiiriit,  riilicr  spontaneous  or  in  answer 
to  inquiry,  of  ii^iinliil  M'ii>aiiims  of  everj-  kind,  their  local- 
ization, cliarautiT,  ami  i!ur;ition.  We  diHtingiiii^h  genuine 
pain  (cause,  mccliauical,  inflammatorj-,  or  toxic  irritation 
of  the  senson-  nerves)  and  indefinite  pain  of  longer  dura- 
tion, such  as  headache  and  cardiac  and  gastric  distress. 
BiSerent  from  either  of  these  varieties  is  the  central  psy- 
chic pain  that  occurs  in  neuroses  and  psychoses  and  can 
not  be  localized. 

In  this  cat^ory  belong  also  paresthesias  or  abnormal 
sensations,  such  as  burning,  furry  feeling,  formication, 
occurring  in  neurasthenia,  neuritis,  tal>e.'«,  myelitis,  etc. 
Insomnia  occurs  when  the  nervous  system  is  either  ex- 
hausted or  abnormally  excited.  Vertigo  is  observed 
chiefly  in  circulatory  disturbances  of  the  brain  (hyperemia, 
anemia,  arteriosclerosis,  epile])sy),  in  neunisthenia,  and  in 
diseases  of  the  eye  and  ear. 

a.  Objective  Examination  of  the  Various  Modes 
of  Sensation  in  the  Skin. — (a)  Tactile  Sense. — Tlic 
same  examination  serves  to  determine  both  the  tactile  and 
the  pressure  sense  of  the  skin. '  The  patient  is  asked  to 
distinguish  between  contact  with  the  point  and  tlie  head 
of  a  pin,  or  with  a  cotton  pellet  or  the  examiner's  fingers. 
He  should  be  told  to  answer  "  now  "  whenever  he  feels 
the  test-object.  In  order  to  lest  the  patient's  attention  it 
is  well  to  make  occasional  "  blind  tests,"  taking  care  not 
to  fatigue  the  patient  unduly.  The  examination  should 
be  repeated  frequently  at  different  tiniew.  If  possible,  the 
diseased  side  should  be  compared  with  the  i-ouiid  side  of 
the  bodv  bv  going  over  all  the  various  regions  of  the  skin. 

'  The  skin  oontaina  yiirioun  ticDSory  piiitits  or  arena,  where  Beiisntioii 
tat  the  different  niodra  of  senaitiiin  is  ciiiicpnlniled.  Tims,  we  xpeiik 
of  thermic  areas,  preasure  areas,  and  puiu  areas  ;  the  last-nanieil  are 
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It  may  Ije  useful,  also,  to  test  the  tiensitiveticss  of  the  skin 
to  faradic  stimulution,  the  strength  of  curreut  being  indi- 
cated hy  the  number  of  centimeters  measuring  the  distance 
between  the  coils.  There  may  be  anesthesia,  or  ttital  aboli- 
tion of  the  Utetile  sense,  when  there  is  eomplete  interruption 
of  thp  sensory  jtathway,  esiiecialiy  in  focal  diseases  (see  3  in 
this  chapter)  and  in  hysteria  of  central  origin.  Hypesthesia, 
or  tiiminiition  in  the  tactile  sense,  when  there  is  a  partial 
interruption  of  the  sensory  patli,  as  in  neuritis,  tabes,  etc.; 
hyperesthesia,  or  morbid  exaggeration  of  sensation.  (See 
under  Pain  Sense.)  The  extent  of  the  anesthetie  areas 
should  be  carefully  outlined.  In  lesion  of  a  {veripheral  nerve 
it  will  be  found  to  correspond  to  the  distribution  of  tlie 
nerve.  (See  Figs.  23,  24,  and  2.5.)  In  diseases  of  the 
spinal  cord  the  anesthetic  area  will  he  found  to  extend  as 
high  up  as  the  cutaneous  area  supplied  hy  the  up^wrmost 
segment  involved.      (See  Fig.  2(i  ami  under  b.) 

(b)  Localization  of  Sensations  (Topographic  Sense). — 
This  is  teste<l  at  the  same  time  as  the  tactile  sen.se.  The 
IKtticnt,  having  been  blindfolded,  is  asked  to  indicate  the 
precise  spot  where  he  feels  the  sensation. 

The  power  of  feeling  two  contact  jKiints  on  tlie  skin  at 
a  given  distinc*'  from  each  other  is  tested  by  means  of  a 
pairof  comjMisses.  The  following  table,  taken  from  Weber, 
indicates  the  distnut-es  in  millimeters  at  which  the  points 
of  the  compass  are  felt  as  two  distinct  points  in  diHVrent 
parts  of  the  body  : 


Tip  of  the  toiiKue 
Lips  (nmo.  men 
Tip  of  the  noae 
CheelcB  .  .  t 
Forehead  .  . 
Cheat  .... 
Middle  of  back 
Buttocks  .    .   . 


I.) 


1 


Foroimi 
Hand 


i   dorsal 
Tip  of  finger  .    . 

Thigh 

I^ 

Tip  of  toe     ,    .   , 


The  lower  the  number,  the  greater  the  sensitiveness  of 
the  corresiMjnding  region.  lu  polt/extheniu  the  patient  mis- 
tiikes  a  single  contact  for  several  (tabes). 
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(c)  Pain  Sense. — Tlio  )»iin  seuse  in  tlic  individual 
regions  of  the  body  is  tested  by  inserting  ii  iiM>dle  to 
various  dejrths.  The  wnee  can  be  accurately  nitsLsured 
with  the  faradic  current,  the  strength  of  the  current  being 
increased  up  to  the  point  of  painfulnesH.  It  is  only  cullwl 
for,  however,  in  very  delicate  clinicul  esamlnatlon.  The 
pain  sense  may  be  diniinislied  (hif/jaf;/ema)  or  uholished 
altt^ether  (nnaUiegia). 

Analgesia  occurs  in  arisociatioii  with  loss  of  the  tactile 
sense  in  focal  diseases,  hysteria,  tabes  dorsalis,  and,  by 
tumors,  in  syringomyelia. 

The  pain  sense  may  be  delayed — tliat  is,  it  may  require 
for  its  perception  a  summation  of  protracted  stimuli  (in 
tabes,  myelitis,  and  neuritis).  When  this  is  the  case,  the 
patient  first  announces  that  he  feels  the  contact  of  the 
object,  and  later  expresses  tlie  painful  sensation  by  an 
exclamation,  as  "Now!"  "Ouch!"  Abnormally  pro- 
tracted pain  sense  occurs  in  tabes  and  neuritis. 

Hyi>eralgesia,  or  abnonnal  sensitivcTiess  to  contact  and 
thermic  stimuh,  occurs  as  an  irritative  symptom  in  focal 
diseases,  in  hysleninenrasthenia,  in  lesions  of  one  side  of 
the  cord,  and  in  neuritis. 

(d)  Temperature  Sense. — C'old  and  heat  perception  is 
to  be  test^'d  separately,  with  test-tubes  filled  with  iced 
water  and  wilh  warm  water  (not  hot).  The  teniperatJire 
sense  may  be  bluntetl  or  abolished.  Thermo-anesthesia  for 
Iwth  hot  and  ct)lil,  or  for  either  alone,  occurs  in  focal  dis- 
enses,  tabes,  syringomyelia,  myelitis,  and  neuritis.  The 
two  sen.-wiliiins  lUiiy  be  iiii>taken  fur  one  another — per- 
verted Ieiii|HTiiturc  M'n;-r  (tabes,  niyelili.-;,  neuHlis). 

3.  Sensation  in  the  Deeper  Parts  of  the  Body. — 
(a)  The  sense  of  weight  is  te~tiKl  liy  iipplyiufi  ditlercnt 
\vi'i;riit>  wi;\|i|ii-il  iL|i  ill  rliiths  niid  coiiijNiring  the  results 
wilh  thu-r  Hl.iaiiied  in  a  ii..nnal  subject. 

(bl  The  power  of  perceiving  passive  motions  is  tested 
pcrfimniug  s<ime  slij;ht  [lassive  movement  and  requir- 
the  patient,  wW  \wBi  Weu  ViVVvidtjlded,  to  indicate 
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whetlier  tlie  limb  has  been  flexed,  extended,  raised,  ab-  ' 

ducted,  etc.  ■. 

(c)  The  sense  of  position  is  tested  by  placing  an  arm  \ 

or  a  leg  in  n  certain  poisitioii,  and.  after  bliudfolding  the 
patient,  asking  him  to  imitate  it  with  the  other  extremily.  , 

These  disturbances,  together  with  others  that  are  diffi- 
cult to  test,  such  as  sensations  in  the  limbs  and  muscles, 
are  designated  as  disturbances  of  the  mnacle  gtnue ;  they 
occur  in  tabes,  liereditiiry  ataxia,  hystoria,  and  in  focat  ! 

disease:^.  \ 

4.  Methods    of    Testing   the    Special    Senses. —  1 

(a)  The  Sense  of  Sight.— Each  eye  and  the  lioinologons  ' 

halves  of  the  retina  are  to  be  tested  separately.     In  some  ; 

cases  it  is  necessary  to  determine  the  visual  acuity  and  the  > 

extent  of  the  visual  field  by  means  of  the  perimeter.  For 
this  the  reader  is  referred  to  text-lKioks  on  ophthalmol(^y. 
An  approximate  idea  of  the  size  of  the  visual  field  can  be  ] 

obtained  by  gradually  bringing  the  hand  or  test-card  into 
the  visual  field,  white  the  patient  keeps  his  eyes  fixed.  If, 
for  instance,  when  the  hand  is  approached  from  the  left 
side  of  the  patient  toward  the  median  line  and  is  not  per- 
ceived with  both  eyes  Iwfore  it  reaches  the  middle  line, 
while  on  the  right  side  tlie  hand  is  perceived  before  it 
reaches  the  middle  line,  there  exists  left-sided  bilateral 
homonymous  hemianopsia  (the  lesion  is  located  in  the 
optic  tract  of  the  right  side,  the  primary  optio  centers,  the 
optic  radiation,  or  the  occipital  lobe  of  the  right  side).  In 
the  same  way  concentric  contmction  of  the  visual  field  or 
central  defrets  (scotomata)  may  be  roughly  determine<l.  1, 

Failure  to  ])erceive  a  visual  impression  in  both  temporal  ' 

halves  of  tlic  visual  field  (bitemporal  hemianopsia)  points 
to  an  afiivlion  of  the  chiasm.  In  injury  of  the  optic 
nerve  there  is  more  or  less  amblyopia  or  amaurosis  of  the 
corresponding  eye.  (In  rt^trd  to  diplopia  see  under 
Paralysis  of  the  Ocular  Muscles.) 

Examination  of  the  eye-gruund  by  means  of  the  oph-  ' 

thalmoscope  is  indii-peusable  in  any  grave  disease  of  the  I 
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nervous  system.  It  may  elicit  tlie  imi>ortant  sign  of 
chokod  disc.  This  plicnomeuon  is  due  to  obstruction  of 
the  lymphatic  flow  iu  the  sheath  of  llie  optic  nerve,  which 
occurs  when  the  iiitrucninial  tensiuu  is  increased,  as  by 
tumors.  A  similur  condition,  l:nt)\vn  as  nptic  neuritis, 
in  which  the  exudation  is  loss  profuse,  may  also  occur  in 
intracranial  tumors  and  In  multiple  neuritis,  brain  syph- 
ilis, meningitis,  etc  It  may  end  in  atrophy  of  tlie  optio 
nervG,  manifesting  itself  in  [udlor  of  the  papilla,  which  is 
sharply  outlined. 

Atrophy  of  the  optic  nerve  also  occurs  primarily  in 
tabes,  multiple  sclerosis,  and  [wralytic  dementia. 

(b)  Ths  Sense  of  Mearing. — Each  ear  is  to  be  tested 
separately  with  a  wiitcii  (normal  distance,  3  meters  and 
over)  or  by  the  piitinit's  ability  to  hear  whispering  at 
even  greater  distances. 

To  determine  whether  the  deafness  is  due  to  disease  of 
the  labyrinth  or  of  the  sound -co  ixlucttng  oi^ns  (middle 
ear),  the  tuning-fork  test  is  employed.  If  u  tuning-fork 
be  tirst  placed  on  the  head,  and  as  soon  as  it  ceases  to  be 
heard  by  bone  conduction  l)e  held  before  the  patient's  ear, 
oneof  the  two fullowingreftilt.s  will  beobtained:  (I)  either 
the  sound  will  again  be  heard  (positive  RinnS),  in  which 
case  the  disease  is  situated  in  the  luhyrinth  (meningitis, 
diseiise  of  the  auditory  nerve),  or  (2)  the  tuning-fork  will 
not  be  heard  (negative  Riniig) — a  sign  of  middle-ear 
involvement. 

In  severe  gmdes  of  nervous  deafness  bone  conduction 
disappears  entirely. 

Paresliiesias  of  the  sense  of  hearing  occur  in  the  form 
of  buzzing  and  ringing  sounds  in  otitis,  Mf'tii^rc's  symp- 
tom-wimplex,  anemia,  etr. ;  auditory  hyj wrest hcsia,  in 
which  sound  perception  is  aecompuiiied  by  pain,  occurs  in 
hysteria,  hemicrania,  etc. 

(c)  The  Sense  of  Smell. — The  two  halves  of  the  nose 
tedte<)  separately  by  moans  of  some  txlorifcrous  sub- 

care  being  takeu  in  ^void  any  substance,  euoh  as 
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ammonia,  whicli  would  irritate  the  trifucial  nerve.  Oil 
of  pt-ppermint,  biilsaiii  of  Pern,  oil  of  almond,  and  asa- 
fetida  muy  be  iiseil.  Excluding  fur  the  present  diseases 
of  tliv  nogal  mucous  membrane,  anosmia  occurs  in  periph- 
eral let^ions  (tumors,  injury  of  the  anterior  fossa  of  the 
skull,  atrophy  of  the  olfactory  ner\'e);  central  disturb- 
ances are  mrely  seen  except  in  hysteria, 

(d)  The  Sense  of  Taste. — The  two  halves  of  the  tongue 
slioiiM  be  tested  separately  in  the  anterior  two-thirds  (tri- 
facial) and  posterior  third  (glossopharj'ngeal)  by  applying 
sapid  subi^tances,  such  as  solutions  of  common  salt,  sugar, 
vinegar,  or  ()uinin.  Ageusia,  or  loss  of  the  sense  of  taste, 
occurs  in  lesions  of  the  peripheral  nerves  (&cial  in  the 
Faltupiau  canal ;  trifncial),  in  hysteria,  and  rarely  in  central 
lesions. 


'  abol- 


m.  ExamlnatiDn  of  the  Reflexes. 

The  reflexes  may   be  heightened,  dimiiiisheil, 
ished. 

Increase  in  the  reflexes  de!pen(ls  either  on  failure  of  the 
inhibition  through  the  central  pathways,  as  in  exhaustion, 
neurasthenia,  or  disease  of  the  inhibitor)'  pathway,  or  on 
abnormal  irritability  within  the  reflex  arc,  as  in  neuritis, 
meningitis,  tetanus.  Diminution  or  aboHUnn  of  the  reflexes 
occurs  when  tlie  reflex  arc  is  internipted,  whether  in  the 
8ens<)rj'  <ir  motor  portion  or  in  the  connei^ting  link  formed 
by  the  reflex  collaterals ;  reflexes  are  also  absent  in  deep 
coma  and  in  intoximtions.  In  markeil  exa^eration  of 
the  tendon  reflexes  continuous  stimulation  produces  a  rapid 
succession  of  reflex  contractions  (patellar  clonus,  ankle- 
clonus).  The  most  imjiortant  reflexes  to  examine  are  the 
following: 

I.  Cutaneous  Reflexes  and  Reflexes  of  the  Mucous 
Membrane.— The  plantar  reflex  and  the  reflex  sen.-iibility 
<>i'  the  tips  iif  the  fingers  are  tested  with  a  ne»lle,  by  con- 
tact with  heal  or  cold,  or  by  tickling  the  part  (summated 
impulses). 


Tlie  pathway  of  these  reflexes  is  imperiectly  kaoWD  ; 
the  sensory  branch  pppears  to  communiwite  by  means  of 
collateral  and  reflex  neurons  (long  reflex  arc)  with  the 
entire  motor  sphere. 

In  uuilatenil  lesions  internipting  the  i>yniniidal  tract 
the  cutiineous  reflexes  are  frequently  diminished,  while  the 
tendon  reflexes  are  exaggerated. 

The  cremaster  reflex,  or  contraction  of  the  cremaster 
muscle  following  irritation  of  the  inner  surface  of  the 
thigh,  and  the  abdominal  reflex,  cuntraetiou  of  the  abdom- 
inal muscles  at  various  levels  (upper  and  lower  reflex),  elic- 
ited by  jiti-ohing  the  skin  of  the  alidonien,  are  of  veir  little 
clinical  significance,  so  far  as  we  know.  Both  rtflexee 
appear  to  be  absent  in  focal  cerebral  lefjions  on  the  side 
opposite  to  that  of  the  diseaftd  focus,  while  in  ninltiple 
sclerosis  they  are  often  absent  on  both  sides. 

The  conjunctival  reflex  consists  in  closure  of  the  lids 
when  the  conjunctiva  is  touched.  It  is  absent  in  paralysis 
of  the  trifacial  and  facial  nenes. 

The  palpebral  rc-flex  consists  in  closure  of  the  lids  when 
an  object  is  suddenly  brought  close  to  the  eye ;  it  is  absent 
in  lesions  of  the  optic  nerve  and  in  facial  paralysis. 

The  pharyngeal  reflex  consists  in  a  choking  movement 
following  irritation  of  the  mncous  membrane  with  a  brush  ; 
it  is  absent  in  paralysis  of  the  vagus  and  spinal  accessory. 
The  palatal  reflex  effects  contraction  of  the  palate  after 
contact, 

2.  The  Periosteum  and  Tendon  Reflexes. — (a)  The 
patellar  tendon  reflex  is  the  most  im|)ortant.  By  tapping 
the  patellar  tendon  while  the  muscles  of  the  legs  are  re- 
laxed, a  contraction  of  the  ([uadriceps  is  induced,  the 
patient's  attention  being  diverted  by  pressing  IjIs  hand  or 
separating  his  folde<l  hands.  If  the  contractions  are  vig- 
orous, the  leg  is  jerked  forcibly  upward.  The  patient 
should  sit  on  the  edge  of  a  chair,  with  the  entire  sole  of 
foot  on  the  floor  and  the  leg  slightly  extended. 

intensity  of  the  reflex  vai-iea  widely  within  physio- 


EXAHISATION  OF  THE  REFLEXES. 

1(^c  limits  in  varioiu  individuals.  Exaggeratioa  ut'  the 
reflex  occurs  in  neurasthenia,  in  lesions  of  the  central  motOF 
neuron  (iuhibitory  fibers  in  tiie  pyramidal  lateral  tract), 
in  irritation  of  the  reflex  arc  (meningitis,  tetanus,  neuritis), 
and  in  exhausting  diseases.  Tlie  reflex  is  abolislied  when 
the  reflex  arc  is  interrupted  (tabes,  crural  neuritis,  anterior 
poliomyelitis,  myelitis  in  the  lumbar  enlai^raent),  in  coma, 
in  epileptic  attacks,  and  in  recent  injuries  of  the  spinal  cord, 
probably  as  a  result  of  irritation  of  the  inhibitory  fibers. 
(See  foot-note,  p.  93.) 

The  Achilles  tendon  reflex  is  subject  to  the  same  varia- 
tions as  the  knee-jerk.  It  consists  in  twitciiiiig  of  the 
muscles  of  the  calf  when  the  Achilles  tendon  is  tapped. 
When  this  reflex  is  exaggerated,  it  produces  the  not  unus- 
ual phenomenon  of  ankle-clonus,  elicited  by  forcible  flexion 
of  the  foot  on  the  leg.  The  more  important  of  the  peri- 
osteal and  tendon   reflexes  in  the  arm  arc  the  following ; 

Badial  and  ulnar  periosteal  reflex,  elicited  by  striking 
the  styloid  process  of  the  radius  or  ulna;  and  the  trieeps 
tendon  reflex,  elicited  by  striking  the  tendon  above  the 
olecranon. 

In  addition  to  the  reflexes  mentioned,  the  inasseter  reflex 
should  be  tested.  It  consists  in  a  movement  of  the  lower 
jaw,  elicited  by  striking  against  a  piece  of  wood  applied 
to  the  lower  jaw.  The  clinical  signiflcance  of  this  reflex 
is  not  very  great.  The  pathoh^ic  alterations  that  occur 
are  subject  in  general  to  the  above-mentionetl  principles. 

3.  The  Pupillary  Reflex. — The  following  varieties  are 
distinguished : 

(a)  Reaction  to  light,  or  contraction  of  the  pupil  by  the 
action  of  the  sphincter  muscle  when  the  same  eye  is  illu- 
minated (irritation  of  the  optic  ner\'e). 

(&)  Consensual  reaction  to  light,  which  follows  illumi- 
nation of  the  other  eye. 

((?)  Reaction  of  accommodation  or  eontniction  of  the 
pupil  in  accommodating  the  eye  to  near  objects  ;  really  n 
secondary  movement. 


122 


GENERAL   PATHOLOGY  AND   TREATMENT. 


((/)  Converging  reaction  ;  of  little  clinical  significance^ 
The  contraclion  is  proportionate  to  tlie  tension  of  the  rect. 
metl. 

The  reaction  to  light  shonid  lie  tested  for  each  eye  sep- 
arately, so  us  to  exclude  consensual  reaction.  If  hemi- 
anopsia is  present,  each  half  of  the  retina  should  lie  tested 
separately.  It  is  t>est  to  us<^'  the  ophthalmoscope,  hut  for 
ordinary  purposes  it  is  enouj^h  to  cover  the  eyes  with  both 
hands  and  iheii  to  remove  one  hand  quickly. 

Betbrc  examining  the  eyes  it  is  well  to  determine 
whether  the  pupil  is  abiiornially  dilatetl  or  contmetcd, 
Dilatation  {mydriasis)  occurs  in  atropin  and  cocain  poi>«n- 
ing,  blindness,  coma,  epileptic  conviilsiona,  paralysis  of  the 
oculomotor,  and  other  wtnditions.  Contraction  (miosis) 
occurs  in  niorphin  poisoning,  tabes,  paralytic  dementia, 
meningitis,  aft'ection  uf  tlie  first  dorsal  segment,  iritis, 
etc  Inc(|ualttv'  in  the  pupils,  which  occurs  iu  paralysis, 
tabes,  meningitis,  and  other  conditions,  should  not  be 
overlookL-d. 

The  reaction  to  liglit  may  he  abnormally  sluggish  or 
alt(^ther  lost  when  the  rcficx  arc  is  interruj«c<l,  as  in 
blindness  dno  to  disease  of  the  optic  nerve,  in  oculomotor 
paralysis,  or  in  lesions  of  tlie  reflex  collaterals  (tabes, 
paralytic  dementia)  in  the  corpora  quadrigeniina.  It  is 
also  observed  in  coma,  narcosis,  and  during  epileptic  con- 
vulsions, hut  not  in  hysteria. 

In  lesions  of  the  optic  tract  there  is  hewiauopie- pupillary 
rigidity  when  the  blind  half  of  the  retina  i.«  illuminated. 

IV.  Examination  of  the  Functions  of  the  Bladder 
and  Rectum. 
(a)  Lesion  of  the  Central  Pathways  (Myelitis  Dor- 
salis,  Pocal  Diseases). — In  lesion  of  llic  wnlor  path  there 
is  retention  of  tlie  urine  :inil  of  the  alvinc  discharges; 
voluntary  evacuation  is  interfered  with.  If  the  liladder  is 
distended,  there  is  dribbling  of  urine. 
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Iji?sion  of  the  acmory  patlis  destroys  sensalioti  in  the 
bladder,  and  hence  the  desire  to  urinate,  retention  re- 
RiiHiiifr. 

(b)  Lesion  of  the  peripheral  pathways  and  of  the 
hindder  center  (reflex  {■otlntenils  in  the  Hiioral  jjortion 
of  the  cuiil)  [»rodii(*s  ineontinenee  of  urine  and  of  the 
alvinc  dischui^s;  also  s|jhinet«r  paralysis  (lesion  in  the 
Inmbar  iind  Ba<>ral  region  or  chordu  t'qnina),  and  constant 
dribbling  of  urine.  The  reflex  contraction  of  the  sjihincter 
ani,  whieh  ean  be  felt  with  the  finger  and  which  i«  present 
in  centnil  disturbances,  is  absent. 

In  addition  to  these  paralytic  phenomena  there  may  be 
irritative  symptoms  of  a  reflex  or  central  character,  sucli 
as  constant  desire  to  urinate,  tenesmus,  strangnrj-. 

Vesical  disturbances  are  very  likely  to  result  in  cystitis 
(secondary  inflammation,  jwliouephritis,  and  [lyemia,  con- 
ditions whieh  always  tlireaten  a  patient  suffering  from 
spinal  disease). 

V.  Examination  of  Trophic  and  Vasomotor  Dis- 
turbances. 
Trophic  disturbances  occur  in  lesions  of  the  anterior 
horn,  in  neurilic  processes,  and  in  diseases  of  the  blood- 
vessels, etc.  The  most  important  symptoms  are  redness, 
swelling,  cyiinosis,  abnormid  pallor,  nrticaria-likc  eruptions 
of  the  skin,  erythromclalgia  (painful  swelling  of  the 
hands  and  feet  occurring  in  paroxysms),  and  multiple 
cutaneous  edema.  Atrophy  of  the  skin  or  glossy  skin, 
scieriKlerraa,  atrophy  of  the  skin  im  one  side  of  the  face 
(hemiatmphia  facialis);  anomalies  in  ihe  sweat  seeretion 
(hviwrhidrosis,  unilateral  sweating  in  bvsteria  and  ueuras- 
thenia). 

Idiopathic  gangrene  of  the  extremities  occurs  in  Ray- 
naud's disease,  syringomyelia,  and  in  Mnrvan's  disease; 
bed-sores  (in  paraplegia)  are  only  indirectly  due  to  nervous 
influences.     Perforating  ulcer  in  tabes  (uhronic  ulcec  va 
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the  toes) ;  alteratluiis  in  tLe  joints,  artLropatliiee 
ing,  thickpning,  auti  hypertrophy  in  tal>es,  etc. 


VT.  The  Examination  of  the  Psychic  Functions. 

I.  Speech  and  Writing  (Aphasia  and  Agraphia).- 
(a)  Disturbances  of  the  Articulation  (Dysarthria). 
By  tills  term  is  nmiiit  ii  aistiirUaiiw-  of  tlit*  spc.rh  in  ti.e 
periplioral  piithway.  Tlifre  may  \ie  inability  to  pruiiuiince 
the  individual  letters  clearly,  tlie  prununciatiou  tniiy  be 
amaV  or  guttural  and  altogt.*ther  unintelligible,  acoonijia- 
nied  with  greut  straining  of  the  muscles  of  the  motuli  and 
tongue.  This  occurs  in  bulbar  diseases,  in  lesions  of  the 
hypogiossus  and  facial  nerve,  in  malforraatiou  of  the  mus- 
cles used  in  speech,  absence  of  palate,  etc.  Among  special 
varieties  are  the  typical  bulbar  upeec/t,  nasal  speech  (rhhio- 
fntia),  and  slow  speech  (bradifloJia),  Scanning  speech 
occurs  in  multiple  sclerosis.  Hiiltiug  speech,  or  (/y»(ij-(AWfi 
lit^mlis,  includes  various  defects  iu  the  speech,  especially 
in  the  power  of  forming  letters. 

Stammering  is  due  to  abnormal  spastic  contractions  of 
tlie  muscles  of  speech,  of  centnd  origin.  Stammering  is 
aggravated  in  moments  of  psychic  emotion,  while  halting 
speech  is  improved.  In  disturbances  of  the  articulation  the 
labial,  dental,  palatal,  and  nasal  sounds  are  tested  separately. 

(b)  Aphasia. — Aphasia  is  always  due  to  a  ceutrul 
lesion.  It  may  be  cortical  {the  fwus  is  in  the  cortex), 
transcortical  (destruction  of  the  association  fihere),  or  sub- 
cortical (iuterrupfitm  in  the  motor  jwthway  from  the  cen- 
ter to  the  periphery'), 

a.  In  motor  or  nlnxic  fip/ituflii  the  patient  is  unable  to 
say  anything,  but  understands  everything  that  is  said  to 
him  (lesion  at  //,  Fig.  13,  consult  p.  41). 

If  the  patient  is  unable  to  say  a  single  word  of  his  own 
accord,  there  is  lotal  motor  aphaitia.  If  he  is  slill  able  to 
say  a  few  words,  such  as  "  yes  "  and  "  no."  the  condition 
is  known  as  monophasia 


4 
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,8.  In  sensory  aphasia,  or  word-d«ifness  (lesion  at  I), 
the  patient  no  lunger  nnderHtuiids  npuken  Innguuge,  but 
there  is  no  disturbance  of  the  speeoli -forming  appuratiig. 
The  speecli,  however,  is  always  impaired,  because  llie  nep- 
essary  aaaociation  libers,  the  fascicuhis  uncinatun  between  / 
and  //,  are  destroyed.  The  patient  either  misplaces  his 
words  or  usee  improper  words  to  express  his  ideas,  or  the 
power  of  forming  sentences  is  lost — jxirapl-avia.  One 
form  of  this  is  the  »o-oalled  lUerai  paraphasia,  or  stum- 
bling over  syllables,  in  which  letters  and  sylhibtes  are 
misplaced  (paralytic  dementia).  When  the  memory  for 
words  is  impaired  so  that  the  patient  is  gnddenly  unable 
to  think  of  a  certain  name  of  a  person  or  object,  without 
any  impairment  of  the  power  of  understanding  spoi^eu 
languagt^,  the  condition  is  termed  amnesia!  apliania. 

y.  Motor  apha'iia  ocxTasionaliy,  and  sensory  aphasia 
very  frequently,  is  associated  with  inability  to  write, 
agraphia  (destruction  of  V  or  the  association  fibers  con- 
necting /and  //with  V;  see  Paragraphia). 

S.  A  person  who  may  or  may  not  be  the  subject  of 
sensory  upha.>iia  may  be  unable  lo  n'»d,  although  there  is 
no  actual  visual  disturbance.  This  condition  is  termed 
alexia.  Tlie  lesion  is  in  the  inferior  piirietal  lobe  (supra- 
marginal  convolution?). 

If  the  lesion  is  very  extensive,  these  phenomena  may 
be  associated  and  there  may  be  total  mntor  mul  snuory 
apluntia. 

i.  Mind-blind)ifi"<  is  a  condition  in  which  a  patient  is 
unable  to  recognize  tiie  meaning  of  objects  which  he  sees 
(lesion  at  ///),  or  he  is  unable  to  find  the  right  woi-d  for 
an  objet^t  seen,  althougli  theve  is  no  motor  aphasia.  This 
condition  is  designated  as  o/rf/c  aphakia  (interruption  of 
the  association  tracts  uniting  ///  with  /  and  //,  inferior 
longitudinal  bundle). 

interruptions  of  the  association  tracts  uniting  /,  ///, 
and  K  produce  pairu/raphia  (similar  to  paraphasia),  while 
interruptions  of  the  tracts  between  /,  //,  aud  vWi  ^wg^-^:- 
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marginal  convolution  produce  parali-xiu.  These  two  oon- 
ditioDS  are  e^cn  vlik'fly  in  paralytic  dementia  in  conjuni>- 
tion  with  defective  s|jet'ch  (stumbling  over  syllables). 

The  term  ilif-\qruphia  is  applied  to  disturbances  in  the 
j)Ower  of  writing  when  they  are  of  peripheral  origin, 
aniilogons  to  dysartliria.  Tliey  include  Iremvfmig  irrithir/ 
(tremor  senilis,  alcoholicus,  etc.)  and  ataxic  vrrithg  (lien-di- 
tary  ataxia,  mnltiple  sclerosis), 

Dylcria  is  a  t'uncfioiiul  disturbance  in  the  power  of 
reading,  wilh  marked  loss  of  endurance. 

The  |»rescnee  of  these  central  disturliances  of  the  speech 
and  otlier  functions  may  be  determined  in  the  following 
manner:  The  examiner  engages  the  jratient  in  conversa- 
tion, tiuis:  He  asks  him,  "How long  have  you  been  ill?" 
If  the  patient  fails  to  answer,  there  may  be,  after  exclud- 
ing deafness  and  psychosis : 

(n)  Deaf-mutixm. — This  will  be  at  once  recoguizcHl  by 
the  puticnt  beginning  to  gesticulate, 

(6)  Tot'il  motor  and  seraorif  apha*ia,  which  can  only  be 
determined  by  inquiry  of  a  third  person. 

If  tlie  patient  nods,  and  answers  other  questions  wliicii 
can  be  answered  by  "  yes  "  or  "  no  "  in  the  same  way,  and 
is  evidently  unable  to  utter  a  word,  it  is  usually  a  sign  of 
motor  np/iasia.  If  the  qnestion  makes  no  impression  on 
him  and  he  does  not  comply  with  the  examiner's  request 
to  close  his  eyes  ivr  jwrforni  other  acts  of  this  nature,  tliere 
is  nennary  aphasia  ;  but  if  lie  promptly  responds  by  doing 
everything  that  he  is  asked  to  do,  sensory  aphasia  can  be 
excluded  with  certainty. 

If  the  patient  answers  eveiy  question  with  the  same 
word,  such  as  "  no,  no,"  tlicre  is  viouophagia.  If,  in- 
stead of  answering  correctly,  he  misplaces  his  words, 
syllables,  or  letters,  there  is  paraplia»ia.  It  is  well  to 
apply  a  rigorous  test  by  asking  the  patient  to  pronounce 
difficult  words  and  phrases,  snch  as  "electricity,"  "tliir' 
"  inted  artillery  brigade,"  and  similar  long  words 
The  patient  is  then  shown  various  objects,  sue 


a  match  or  a  lead-peucil,  and  is  asked  wliat  tliey  are  used 
fur.  If  he  is  unable  to  indicate  their  use,  either  by  word 
or  gesture,  st-nsory  a|iliasi!i  and  periplieral  visual  dis- 
turbances being  e.tclnJeil,  tliere  is  mind-bllnditais.  If 
the  patient  understjinds  the  uae  of  the  olyect  but  is  un- 
able to  give  its  right  name  wlien  asked  to  do  so,  there  is 
optic  aphonia. 

The  above-meutioned  disturbances  havinji;  ln-cn  ex- 
cluded, tlie  patient  is  now  asked  to  repeat  words,  sentences, 
and  numbers.  If  lie  fails  to  do  this  correctly  l>ecause  his 
recollection  of  the  examiner's  words  is  imperfect,  there  is 
amnesic  aphtisia. 

The  next  step  in  the  examination  consists  in  testing  the 
power  of  writing.  The  patient  is  asked  to  write  down 
word.s  and  numbers  from  dictation.  If  lie  does  not  write 
at  all,  sensory  aphasia  being  excluded,  tliere  is  agraphia^ 
or  if  he  is  able  to  write  only  one  word,  such  as  "  no," 
there  is  monographia.  If  the  writing  is  full  of  mistakes 
and  syllables  and  letters  are  transposed  or  omitted,  there 
\d  pitragraphin.  If  tlie  patient  is  unable  to  remember  for 
more  than  an  instant  or  two  what  has  been  dictate<l,  there  is 
aiiiiiesic  agraphia.  In  the  same  way  the  power  of  s]»outa- 
neous  writing  and  copying  should  be  testeii,  and  if  the 
patient  is  able  to  write,  he  should  be  examined,  to  deter- 
mine whether  he  understands  what  lie  )ihs  written. 

To  test  tlie  power  of  reading  the  jtatient  is  asked  to  read 
written  or  prtnt^l  words  and  numbers.  If  he  is  unable 
to  do  so,  motor  aphasia  and  visual  disturbances  being  ex- 
cluded, there  is  alexia,  moiioUxia,  or  paralexia.  Again, 
the  examiner  should  note  whether  the  patient  understands 
what  he  reads.  If  there  is  inability  to  remember  for  any 
length  of  time  the  letters  or  numbers  read,  it  is  a  sign  of 
(tiiinenio  ak.Tia.  A  more  rigorous  test  may  be  made  by 
asking  the  patient  to  form  words  and  numliers  from  cer- 
tain given  letters  and  figures. 

-  Testing  the  Memory.— The  disturbances  of  the 
tciated  with  the  |K»wer  of  speaking,  reading, 


and  writing  Iiave  already  be«n  described  under  the  head 
of  amnesic  aphasia,  alexia,  and  agraphia. 

In  addition,  the  memory  sliould  b<?  tested  iu  roj:pird  to 
impreseiona  acquired  iu  tarly  life  and  to  moiv  recent 
events,  which  are  obtained  fnim  the  hislory. 

The  exaininatiuD  uf  recent  impressions  inchides  botli 
simple  and  coniplicated  ussoctiitions,  single  words  or  num- 
bers, or  rows  of  figures.  Disturbances  of  the  memory  are 
designated  nmitesUi.  They  occur  in  injuries  to  tlie  slcull, 
contusions,  focal  disease  in  tlie  brain,  and  in  dementia. 
The  examination  should  inchide  a  rigorous  test  of  all  the 
various  associations, — auditory,  visual,  tactile,  etc., — the 
details  of  which  can  not  be  given  liere. 

3.  Other  Psychic  Disturbances. — The  examiner 
should  determine  whether  (here  is  any  disturbance  of 
consciousness  (coma,  somnolence,  torpor),  whetlicr  the 
intelligence  is  normal  or  impaired  (dementia,  idiocy), 
whether  there  is  any  morbid  motor  or  sensory  emotional 
condition  (delirium,  emotional  disturbance  with  impaired 
consciousness,  hallucinations,  morbid  sensory  illusions  of 
central  origin,  visions,  morbid  misapprehension  of  sensory 
impressions),  and  whether  there  are  any  delusions  (sys- 
tematized, fixed  or  transient  flight  of  ideas). 

The  presence  ofnielanchoIia(mtiriiid  depression),  mania 
(morbid  exaltation),  or  hypochondria  must  not  be  over- 
looked. The  finding  uf  these  symptoms  does  not  by  any 
means  justify  tlie  examiner  in  making  a  diagnosis  of  the 
psychosis  of  which  these  symptoms  are  supposed  to  be 
tj-pical. 

Diagnosis. 
The  diagnosis  can  be  made  only  after  a  complete  ex- 
amination and  careful  review  of  the  history.     The  exam- 
iner should  satiety   himself  in  regard  to  the  following 
questions : 

1.  la  there  ncfimllif  a  ititeaae  of  fhe  iiTvotu  nyatem,  or  ia 
fy  aimuUUed  by  anemia,  tuberrutosis,  tenia,  tic  f 


S,  Granted  Ihat  there  ia  a  nervuua  affection,  ix  It  possible 
thai  sitme  othci-  bodUy  <U»aise  may  be  regponnlble  for  U 
(artei-ioscieroith,  tumors,  diseases  of  the  heart,  lungs,  tdomach, 
iadneys,  bUtwI,  etc.,  diabetes)  f 

3.  Is  (!i£  iten-ous  disease  functional  or  organic  in  char- 
acter t  This  queptioii  can  often  be  answered  at  once,  but 
in  many  cases  it  requires  much  tliouglit  and  a  long  course 
of  observutiim.  Tims,  choked  disc,  degenerative  muscular 
atR)phy  (RD),  loss  of  the  patelkr  and  pupillary  reflexes, 
are  always  due  tu  an  organic  lesion.  The  mode  of  origin 
of  the  disease  must  be  carefully  cflnsidcre<l. 

4,.  Granted  that  the  disease  is  organic,  vhere  iit  the  lemori 
alnatedf  (See  General  Symptom atologj',  Part  IV,  -i.) 
Is  U  a  focai  disease  or  a  system  degeneration  f 

S.  Wh(U  is  tJie-  nature  of  the  disease  f  The  answering 
of  this  question  will  necessitate  a  careful  consideration  of 
the  mixk'  of  origin  of  the  disease,  its  possible  connection 
with  other  diseases  (infections,  tumors),  the  site  of  the  lesion, 
and  the  bearing  of  irther  symptoms  that  may  \k  present 
(fever,  cachexia).  In  many  cases  a  single  examination  is 
cot  sufficient,  and  not  rarely  the  course  of  the  disease  must 
be  followed  for  some  time  before  a  diagnosis  can  be  arrived 
at.  If,  as  in  many  cases,  a  positive  diagnosis  is  out  of  the 
question,  the  examiner  must  content  himself  with  making 
a  provisional  one.  It  is  well  not  to  moke  such  a  diagnosis 
as  paralytic  dementia,  brain-tumor,  or  talies  dorsalis  with- 
out due  deliberalion,  certainly  never  after  the  first  exami- 
nation, without  very  strong  r 


5.  General  Remarks  on  the  Treatment  of  Nervous 
Diseases. 
The  treutment  of  nervous  diseast^^s,  mure  than  that  of 
any  other  bodily  affections,  demands  that  the  attending 
physician  shouhl  both  act  and  think  according  to  the  dic- 
tates of  psychology.  Unfortunately,  this  part  of  our  med- 
ical education  still  leaves  much  to  be  desired.     But  it  is 
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none  the  less  true  that  u  knowledge  of  the  anatomic  and 
clinical  facts  is  far  from  bting  all  that  is  requiivd.  The 
treatment  includes ; 

I.  The  Prophylaxis. — Xo  other  (ield  of  medicine  pre- 
sents greater  possibilities  for  the  exercise  of  judgment  in 
forestalling  disiister,  as  there  is  no  otiier  in  which  so  ninch 
mischief  is  caused  by  negligence  on  the  part  of  the  attend- 
ing physician.  For  tlie  guidiiuce  of  the  latter  the  follow- 
ing pointe  may  Iw  emphasized.  A  physician  should  with- 
hold his  consent  to  matrimonial  alliances  between  ])ei-Bons 
suffering  from  mental  or  nervous  diseases,  or  between  per- 
sons with  any  inherited  taint  (hereditary  system  diseases). 
The  feeding  and  care  of  children  in  regard  to  pruiK'r  hy- 
gienic measures  should  be  under  medical  supervision. 
Patients  should  be  carefully  informed  concerning  the  evil 
effects  of  an  improper  mode  of  life  (alcohol,  tea,  tol>aoco, 
excesses  of  all  kinds,  morphin,  the  latter  especially  in  the 
case  of  doctors)  andof  certain  trades  and  professions  (over- 
exertion, working  at  irregular  times,  hygiene  of  factories, 
etc.)- 

Careful  directions  should  be  given  in  regard  to  such 
matters  as  persoual  cleanliness,  bathing,  clothing,  exercise, 
etc, 

3.  Curative  Treatment. — Uutbrtunately,  this  is  jme- 
sihle  in  only  a  few  disea-ses. 

(a)  Intoxications. — Oasea  of  imiMniing  by  lead  and 
arsenic  can  l>e  guarded  against,  or  at  least  very  much 
improved,  by  forbidding  the  patient  to  engage  in  certain 
kinds  of  work  and  by  insisting  on  his  ol)9erving  proper 
precautions.  Alcoholism  and  the  morphin  and  cocain 
habits  are  best  treated  in  institution.'^.  In  almost  every 
(W4e  alcohol,  morphin,  and  coeain  *an  be  withdrawn  at 
once.  In  alcoholism  sudden  (vith<lrawal  is  not  followed 
by  any  distinct  symptoms,  in  spite  of  anything  that  may 
have  been  said  to  the  contrary,  and.  while  it  is  tme  tliat 
sudden  withdrawal  of  coeain  or  morphin  may  produce 
""  to"*  symptoms, — although  these  have  often  been  very 
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mucli  exa^erated, — nevertheless,  if  there  is  any  hope  for  a 
patient  at  all,  it  is  not  likely  that  he  will  succumb  to 
them.  Hfnce  the  so-called  cures  without  coercing  and 
tormeatiiig  the  patient  are  to  be  condemned,  aa  they  rarely 
produce  any  iwrniiinent  results.  The  practice  of  cumpen- 
Bating  the  piitient  ibr  the  loss  of  moiiihin  by  large  doses 
of  alcolidl  is  upt  to  prove  dinigei'oiis  in  the  end. 

I  do  not  wish  In  hjiv  that  in  very  severe  cases  morphia 
should  be  withheld  altogether  during  the  first  three  or  four 
days,  but  it  should  not  be  given  atler  that  period,  and 
then  only  when  there  are  unmistakable  objective  signs 
of  collapse. 

(6)  All  syphilitic  cases  where  the  diagnosis  is  abso- 
lutely certain,  and  all  suspected  cases,  should  be  subjected 
as  early  as  possible  to  a  course  of  mercurial  inunctions  (3 
to  5  gm.,  45  grains  to  IJ  drams).  This  may  be  supple- 
mented either  from  the  beginning  or  later  on  by  potassium 
iodid  in  doses  of  forty-five  minims  a  day.  Potassium 
iodid  should  never  be  tried  alone. 

In  malarial  neuralgia  give  quinin  (8  to  24  gniinss). 

(c)  The  third  class  of  diseases  that  are  amenable  to 
direct  treatment  are  those  which  admit  of  surgical  opera- 
tions. The  number  of  these  diseases  has  been  constantly 
growing.  Without  counting  direct  injury  to  the  nervous 
system,  we  have  in  this  category  : 

a.  Brain  (/(«««««  in  which  the  lesion  can  Ik-  accurately 
located  (spicules  of  Ixtne,  purulent  foci),  if  they  are  situ- 
ated near  the  cortex  ;  in  purulent  foci  exploratory  trephin- 
ing and  puncture  iire  perfectly  justifiable. 

In  conditions  of  increased  intmcraniul  pressure,  such 
as  hydrocephalus,  at  least  a  temporary  improvement  may 
be  effected  by  trephining  nr  paracentesis  of  the  ventric- 
ular system  (the  central  canal  has  even  been  successfully 
tapped  in  the  lumbar  enlargement ')■  Suppurations  due 
to  caries  in  l>ones  and  joints  exerting  an  injurious  influ- 

1  bpen  followed  by 
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ence  on  thi;  nervous  system  can,  of  course,  be  reached  by 
surgical  treatment.  Whether  Jacksonian  epilepsy  can 
always  be  siiccessiiilly  treated  by  sui^ical  measures  must 
still  be  regarded  aa  an  unsettled  question.  In  genuine 
epilepsy  it  is  better  not  to  operate. 

As  regards  tumors,  esperienre  shows  that  only  ver\'  few 
are  operable;  but  the  opening  (if  hrain  al>scesses,  on  the 
other  hand,  has  been  followed  by  excellent  results. 

^.  Dinnuten  of  the  Spinal  I  bnl. — Operative  treatment 
has  in  the  past  been  resortwl  to  chiefly  in  myelitis  due  to 
compression  by  tumors  or  caries,  and  in  diseases  caused 
by  injury.  The  renults,  however,  have  not  been  very 
encouraging.  The  difficulty  of  the  operation  depends  on 
several  factors,  such  as  the  uncertainty  of  the  diagnosis, 
both  as  regards  the  character  of  the  disease  and  its  exact 
localization,  and  the  difficulty  experieneed  by  the  surgeon 
in  finding  his  bearings  in  the  operative  field.  Neverthe- 
less, we  may  hojie  for  l>etter  results  in  the  future,  especially 
in  cases  which  present  themselves  for  operation  early,  be- 
fore the  graver  irrepanible  lesions  in  the  nervous  substance 
have  made  their  appearauce  (secondary  degenerations). 

If  seeondar)'  degcneniiion  has  already  set  in,  all  that 
can  be  hiipecl  for  is  [uilliution  of  the  pain. 

;•,  Prriphei-al  Xen-es. — The  best  restdls  have  been  ob- 
tained in  this  portion  of  the  nervous  system,  because  the 
power  of  regeneration  is  far  greater  in  the  nerves  them- 
selves than  in  the  tissues  of  the  iintin  and  spinal  cord. 
Complete  repair  is  possible  even  when  some  time  has 
elapsed  after  a  solution  of  continuity  has  taken  place. 
Cicatricial  jtroeesscs  and  tumors  giving  rise  to  pressure 
syniptoms  have  always  liecn  treated  by  r>jKTative  means 
and  with  very  giHwl  success. 

The  repair  of  a  nerve  that  has  l)een  divided  in  its  cxm- 
linuit^'  can  olleii  W  hastened  by  means  of  a  plastic  op- 
eration. The  suceess  of  a  surgical  iipenition,  as  has  beeo 
jd,  depend!)  chicHy  on  an  early  and  exact  local  i7.iiti on  of 
^  leKon, 
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3.  In  r(^ard  to  tlie  many  eiict-essfiil  oi>eratinus  for  the 
transplantation  of  tendons  to  lieiilthy  muw^les,  (consult  the 
paragniph  on  Anlcnin-  Polidtuyflitis. 

3.  Symptomatic  Treatment. — Thi^  will  be  entirely 
su«!essful  in  iill  va^va  in  which  no  grave  degeuerative 
process  hsH  nimle  itd  apixsirauee.  With  the  present  means 
at  our  command  the  prognot^iu  is  quite  unravorable  in 
degenenitive  affectiona  of  the  cell,  fiber,  and  muscle,  esjie- 
cially  when  they  are  of  central  origin.  Individual  symp- 
toms can  sometimes  he  treated  and  may  even  bo  tempo- 
rarily improveil. 

(a)  Psychic  Treatment  (Moral  Treatment). — Mu<;h 
may  be  accomplished  by  judicious  encourageuient,  by 
rational  explanation,  and  by  showing  the  patient  that  he 
is  alarming  himsell'  unnecessarily;  a  certain  dictatorial 
severity  even  may  be  of  great  service.  The  importance 
of  some  systematic  occupation  should  be  emphasized. 
Thus,  a  schedule  of  honrt;  may  be  siig^sted  for  the  day'a 
work,  and  the  patient  may  be  encuuragcd  to  engage  in  out- 
door occupations,  such  as  horticulture,  etc  This  can 
not  be  insiuted  on  too  strongly,  especially  in  the  case  of 
neuroses. 

It  is  of  the  highest  importance  that  the  physician  should 
have  the  patient's  entire  coDfidenc<>,  and  the  hest  vray  to 
obtain  this  is  by  accurate  examination  and  careful  diag- 
nosis, A  careful  examination  in  itself  often  has  a  decided 
moral  effect,  and  may  he  said  to  be  one  of  the  most 
important  tlierapeutic  measures. 

Hypnotism  should  be  resorted  to  only  in  cases  which 
ought  to  be  treated  by  psychic  means  and  in  which  the 
above-mentioned  measures  have  failed.  There  is  no  doubt 
that  the  treatment  is  often  effective,  but  in  many  cases  the 
results  are  not  permanent  and  in  not  a  few  the  ultimate 
effect  is  even  harmful.  No  one  who  does  not  possess 
special  qualifications  and  is  not  perfectly  familiar  with 
all  the  details  of  hypnotism  has  any  right  to  resort  to  this 


mode  of  trtatrnt'iit.  (For  particulars  iu  this  re?])ect  con- 
sult the  paragraph  on  Hysteria.) 

(b)  Physical  (Hygienic)  Treatment.— Tlie  diet,  the 
hours  of  slvap  and  rest,  and  othc^r  miitten  of  that  kind 
should  be  ivgulutcd  according  t^j  gfiitral  tlicrapc-iitic  prin- 
ciples. If  [KissibU'i  all  artificiHl  meafturea  tiliould  Ih.'  dis- 
pensed with.  The  use  of  alcoholic  beverages  should  be 
restricted  or,  Iwttcr,  forbidden  alt<^ether,  and  the  physi- 
cian should  do  everything  iu  his  power  to  combat  the 
senseless  doctrine  of  tlie  nerve-strengthening  jwwer  of 
wine,  which  is  still  held  by  the  laity  suid  by  many  apoth- 
ecaries and  physiciuue.  Fruit,  cocoa,  tt^-u,  mild  coffee, 
even  cider  and  beer  in  modcnition,  may  be  recommended, 

Hydrotheraiiy. — Sponging  with  moderately  cold  water, 
douches,  cool  (77°  to  8G°  !■'.)  and  warm  (90°  to  100°  F.) 
baths,  hot  and  cold  packs,  and  hot-water  compresses  may 
be  employed.  After  a  warm  bath  the  patient  should 
always  be  siwngcd  with  oold  water. 

It  is  often  very  advuntugeous  to  wnd  the  patient  to  the 
various  baths,  especially  the  smaller  places,  or  to  the  sea- 
shore or  the  mountaini:. 

Massage,  gymwuiic  ej-ereise,  and  IlWr  MUchdCg  trecU- 
ment  ("  Masfkuren")  are  often  useful  if  carried  out  accord- 
ing to  the  physician's  orders. 

F3ei4ricHy  is  often  the  la.**!  resort.  The  question  as  to 
how  it  acts,  whether  indirectly,  by  pwycluc  impression^  or 
directly,  is  still  a  mutter  of  dispute.  Both  the  galvanic 
and  the  faradic  currents  are  nsed.  Acconling  to  the  gen- 
eral opinion,  tlie  galvanic  rurrent  acts  on  deeper  structures 
than  does  the  faradie.  The  galvanic  cnirent  is  to  be  em- 
ployed in  piiinfiil  affections  and  in  nftielions  of  central 
origin  ;  the  aiuide  has  a  quieting  etfect,  white  the  cathode 
is  irritating ;  hence  the  anode  should  be  applied  to  the 
painful  spot.  The  faradic  current  is  indicated  in  periph- 
eral diseases,  especially  in  muscular  paralyses.  As  it  is 
ery  important  nut  to   have  the  current  too  strong,  the 
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instruineiit  Mlnmld  nhvays  lie  ])riivide(l  wilii  a  galvan- 
ometer. 

(c)  Medicinal  Treatment. — Thib  should  iiot  be  tlie 
first,  but  the  last,  remtHly  to  be  tried,  unless  there  are 
npecinl  imlUnlions.  TiiL'  ruling  prineiple  should  always 
be  nil  nocere,  tor  in  any  ease  drugs  are  of  little  value,  and 
the  risk  is  great  in  proportiou  to  the  possible  benefit. 
Hence  the  piitieiit  shouhl  not  be  subjectwl  to  unnecessarj' 
expense.  Then;  are  ct'rtain  drugs,  linHpvcr,  which  unqnes- 
ttunably  inHnniee  the  nutrition,  such  &a  ariienic  (arsenious 
acid,  ^  to  ^  grain ;  Fowler's  solutinu,  -5  to  10  drops  a 
day ;  iron,  Blaud's  pills  ;  iron  and  quinin  ;  imn  and  arsenic 
pills). 

As  sedatives,  tlie  bromids  are  to  be  recommended  (the 
potassium,  sodium,  or  ammonium  broniid,  or  combinationB 
of  them,  1  to  4  drauis  a  day).  Antipyrin  may  also  be 
given,  15  to  ^0  grains,  etc.  To  allay  the  [tain,  such 
remedies  as  opium,  morphin  (cv>ntraindicatcd  in  neurosis), 
codein,  and  heroin  an-  found  indispensable.  In  neuralgia 
the  following  remedies  have  been  recommended  :  Anti- 
pyrin, 1 5  to  30  grains ;  quinin,  8  to  24  grains ;  the  ealicyl- 
ales  (sodium  salicjlate,  45  grains  to  3  drams;  salicylic 
acid,  ^  to  1  dram) ;  phenacetin,  8  to  24  grains ;  antinervin, 
8  to  24  groins  ;  salojihen,  8  to  24  grains  ;  analgen,  15  to 
30  grains;  snlipyrin,  15  to  24  grains;  pyramidon,  8 
grains,  etc. 

Tlio  following  hypnotics  arc  the  most  commonly  used  : 
Sulphonal,  I-t  to  30  grains  ;  hypnal,  S  to  30  grains  ;  tri- 
onal,  8  to  24  griiins ;  chloral,  15  to  30  grains ;  and  chloral- 
amid,  30  to  45  grains.  Other  remedies  are  often  employed 
on  theoretic  grounds  ;  they  are  :  Ergotin,  |  to  41  grains  ; 
silver  nitrate,  ^  to  J  grain ;  strj'chnin,  ^  to  t*;  grain ; 
alropin,  j^  to  i^  grain  per  diem  ;  etc.  Some  of  these 
are  very  dangerous  poisons  and  should  be  used  guardedly, 
as  their  value  in  any  ease  is  very  doubtful.  Ointmeuta 
and  cutaneous  irritants  often  have  a  good  sedative  efTect, 
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(Plates  75  lo  »4  and  prei:eding  Plates.) 


I.  DISEASES  OF  THE   MEMBRANES  AND   BLOOD- 
VESSELS  OF   THE    BRAIN. 

On  llie  suHu(;e  ul'  tlie  liraiti,  diseases  of  tlie.se  structures 
act  uu  the  cortical  ^ubtituuce ;  at  the  base  of  the  brain,  on 
the  cmnial  nerves  at  tlieir  poiut  of  exit ;  in  the  spinal  cord, 
on  the  nerve-RwtH — the  symptoms  being  tlms  dependent 
on  the  seat  i>f  tlie  nmrliiil  process, 

1.  Internal  Hemorrhagic  Pachymeningitis  (Hema- 
toma of  the  Dura  Mater). 

Morbid  Anatomy. — An  iiiflaniinaliirv  membranous  ex- 
udate forms  on  the  imier  surface  of  the  dura,  with  devel- 
opment (secondary?)  of  interstitial  hemorrhages.  The 
cause  is  unknown. 

The  disea)^  occurs  in  adults  in  association  with  alco- 
holism, senility,  or  paralytic  dementia,  and  may  l>e  idio- 
pathic. 

The  symptoms,  which  come  on  succeesively  as  the 
hemorrhages  develop,  consist  of  headache  and  irritative 
and  paralytic  cortical  phenomena  (convulsions  limited  to 
one  side  of  the  biKly,  hemiplegia,  fever). 

The  diaKnosis  must  be  made  from  brain-tumor,  which 

is  steadily  progressive ;  cerebral  hemorrhage,  which  rarely 

fenves  rise  to  irritative  symptoms;  meningitis  (diSereat 
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course  and  the  presence  of  svmptoniB  referable  to  the 
base);  uremic  coma  (examination  of  urine,  course);  and 
cerebral  syphilis  (concomitant  symptoms). 

Treatment. — Rest,  ice-bag,  venesection,  calomel  (gr,  iv, 
t.  i.  d.),  drastics,  and  relief  of  symptums  aa  they  arise 
(hypnotics  and  morpliin). 

2.  Acute  Leptomeningitis  (Meningitis  of  the  Con- 
vex Surface). — (a)  Epidemic  Cerebrospinal  Meningitis. 
—An  cpidomic  inActiou*  disca^i',  occurring  also  spi.rwli- 
cally,  causc'd  by  the  diplococcus  intrucellulans. 

Morbid  Anatomy. — The  presence  and  dcvelopmcut  of 
the  diplococcus  (which  eiitcra  through  the  nose,  through 
excoriations,  or  tlirough  the  lymphatic  aiiJ  vaficular  chan- 
nels (?) )  set  up  an  inflammation  in  the  soft  membranes  of 
the  spinal  cord.  The  meshes  of  tlie  pia,  especially  on  the 
convex  surface  of  the  cerebral  hemispheres,  become  filled 
with  an  exudate,  at  first  serous  and  later  pumlcnt. 

Course. — The  onset  of  tlie  disease  is  quite  abnipt ;  it 
occura  most  frequently  in  young  individuals,  and  begins 
with  a  general  feeling  of  malaise,  followed  by  violent  head- 
ache, vomiting  (cerebral),  and  chills.  The  condition  rap- 
idly becomes  worse.  Herpes  labialis,  persistent  high  tem- 
perature, and  marked  leukocytosis  are  cliaracteristic.  The 
occurrence  of  rigor  and  pains  in  the  muscles  of  the  neck 
on  movement  of  the  head  (irritation  of  the  upper  cervical 
roots)  and  clouding  of  the  consciousness  practically  det«r^ 
mine  the  diagnosis.  Later  on  there  arc  delirium  and 
symptoms  of  cortical  irritation  (convulsions,  patsies,  mono- 
plegia and  hemiplegia,  and  hyperesthesia) ;  finally,  coma, 
trismus,  opisthotonos,  retention  of  urine  and  fvces,  and 
Cheyne^tokes  breathing.  In  the  severest  cases  death 
occurs  before  the  eighth  day  (meningitis  sidenins) :  moder- 
ately severe  cases  may  be  protracted  to  eight  weeks  and 
longer,  although  recovery  is  possible  even  when  the  disease 
is  verj-  severe. 

Sequels.  —  Deafness  (le«<ion  of  the  auditory  nerve), 
blindness,  cephalalgia,  paralyses,  brain  abscess. 
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The  diagnosis  must  be  made  from  typhus  (gradual 
onset,  absence  of  herpes,  and  leukocytosis),  pneumooiii 
(sputum,  pulmonan'  symptoms),  pyemia  (pumleiit  foci, 
al»enee  of  rigidity  of  the  neck),  tubercular  meningitis 
(basal  symptoms,  i^igiis  of  constitntional  tuberciilasis),  puru- 
lent meningitis  (primary  purulent  focusX  and  ulcerative 
endocarditis  (not  epidemic). 

Treatment. — Rest ;  cold  packs  ;  liaths  are  too  severe, 
although  warm  baths  have  lately  been  mueh  lauded  ;  ice- 
bag  ;  leeching  (mastoid  process) ;  calomel  (four  grains  twice 
repeiiteil) ;  blister  to  tiie  occiput;  inunctions  with  blue 
ointment;  antipyretics;  narcotics. 

(b)  Purulent  Meninsitis. — This  follows  suppurative 
processes  in  the  car  (otitis  media,  caries  of  the  petrous 
jxtrtion  of  the  tem|K>ral  bone),  erysipelas,  pyemia,  and 
other  acute  infectious  diseases.  Accordingly,  various 
micro-organisms  are  found :  streptococcus  pyogenes,  etwp- 
tococcus  crysi[>clatis,  staphylococcus  aureus  and  albus. 

The  morbid  anatomy  is  the  same  as  in  the  foregoing 
variety.  Tlic  most  extensive  purulent  foci  are  found  on 
the  convex  surface,  but  may  also  occur  elsewhere. 

Course. — The  onset  and  course  are  the  same  as  in  the 
foregoing  variety.  There  is,  perhaps,  a  somewhat  greater 
liability  to  paralysis  of  the  cranial  nerves  that  make 
their  exit  at  the  base  of  the  brain  ;  optic  neuritis  and 
pupillary  changes  occur. 

For  diagnosis  see  under  (a).  It  is  particularly  impot^ 
tant  to  determine  the  original  cause  of  the  disease. 

Treatment  as  under  (a).     Surgical  interfereuce. 

3.  Tubercular  Meningitis  {Basilar  MeDingitis). — 
It  follows  primary  tuberculosis  of  tlie  lungs,  lymphatic 
glands,  or  bones,  particularly  iu  children. 

Morbid  Anatomy. — The  tubercle  bacilli  are  carried  by 
the  circulation  to  the  soft  membranes ;  here  they  lead  to 
the  formation  of  miliary  tubercles  and  the  deposition  of  a 
fibrinoua.  gelatinous  exudate  on  the  ba.se  of  the  brain,  in 
ihes  of  which  are  imbedded  miliary  nodules.     Tbe 
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nodules  may  spread  to  tlu'  hmiii  siibsbincp  and  form 
tumor-like  solitary  tubercles. 

Course. — The  disease  begins  gmdiially,  witli  lualaise, 
headache',  and  vomiting.  After  a  time  the  symptoms  of 
eortifal  imliition  liecouie  more  marked,  with  delirium 
and  coiivnlsions  (cri  hydrenc^}ilialii|iie  iu  children),  tris- 
mus, and  irregular  heart  aetion.  There  are  itomiiolence, 
temperature  np  tJi  102. "2°  F.,  irregular  fever,  rigidity  of 
the  neck,  eoma. 

I^ter,  paralysis  of  individual  eraiiiiil  (oculomolur,  facial, 
abducens)  nerves,  monoplegm,  aplmisia,  death. 

Diagnosis. — The  disea,-*  must  !«■  differentiated  from 
purulent  meningitis,  q.  r.  Diagnosis  is  confirmed  by  find- 
ing tul)erele  bacilli  in  the  sputinn  or  in  the  cerebrospinal 
fluid  withdrawn  by  lumbar  puncture. 

Tul«>roles  on  the  dioroid. 

Treatment  as  under  2. 

4.  Syphilitic  or  Gummatous  Meningitis  and  Brain 
Syphilis. — It  makes  its  appearance  in  the  sccondarj-  and 
tertiary  periods  of  syphilis,  never  until  several  months 
afU'r  the  infection.  The  characteristic  syphilitic  neoplasms 
(gumma,  infiltration,  ra.scation)  make  their  appearance  in 
the  soti  membranes,  cB[wcialiy  on  the  base  of  the  skull, 
and  in  close  relation  with  the  bliMxl-vesftels  in  that  region. 
Three  forma  of  brain  syphilis  are  dii^tinguishetl : 

(n)  The  true  difl'ase,  basilar  syphilitic  meningitis, 
characterized  by  the  furmatinn  of  thickener!  plates,  in  r^ouie 
cas&s  cireum&cril)ed  to  definite  localities.  The  syin|il'>nis 
are  in  the  main  ihe  same  as  those  of  tubercular  ba.*al 
meningitis. 

[h)  Fi)rmation  of  isolated  gummata  in  the  niembranes, 
nircly  iu  the  subslunce  of  the  brain.  Tlic  symptouis  are 
those  of  brain-tumor. 

(c)  .-V  form  associatiti  with  peculiar  alterations  in  the 
blood-vessels  (syphilitic  endarteritis),  with  or  without 
dilt'nse  or  circum8cril)ed  gummatous  meningitis.  The 
intima  of  the  vessels  at  the  base  of  llie  brain  undergoes 


proliferation,  so  that  tlie  lumen  in  imrrowcii.  This  is  apt 
to  be  followed  liy  thrombogis  and  ruHulling  necrosis  (See 
Embolism.)  The  individual  varieties  often  ocour  in  com- 
bination, 80  that  the  clinical  picture  of  brain  R^'philis  pre- 
sents numprotis  variations.  The  symptoms  vary  muvli  in 
intensity,  exiu^erbations  alternating  with  tempomry  remis- 

Course. — The  disease  begins  with  nieningitic  symptoms 
(headache,  vomiting),  which  are  tbl!ii\v»,'d  by  attacks  of 
partial  unconsciousness,  palsies  in  the  extremities,  oonvo- 
lutions,  dementia,  and  apathy,  together  with  lesione  of  the 
basal  nerves  (optic  atrophy  and  neuritis,  oculomotor,  &cial 
jjaralysis,  etc.) ;  polyuria  and  polydipsia  occur.  The  sof^ 
ening  process  gives  rise  to  successive  attacks  of  heniiple^, 
and  the  picture  is  further  complicated  by  aphasia  and  epi- 
leptic seizures.  Recovery  is  pimblc,  but  more  or  kss 
paralysis  usually  remains. 

Diagnosis. — The  sigus  of  a  former  infection  play  the 
most  important  part  in  the  diagnosis  (abortions,  scars, 
glandular  enlargement) ;  in  doubtful  cases  the  diagnosis 
may  hiter  be  reached  ex  jtivantlhiut.  Syphilis  should  be 
thought  of  in  any  Ciiae  of  meningitis  which  presents  an 
unusual  course. 

Treatment. — Inunctions,  potassium  iixlid  (see  Gen- 
eral Treatment);  symptomatic. 

5-  Thrombosis  of  the  Sinuses. — Thrombosis  in  the 
venous  siuiiM-.  is  ii.-ii:illy  -rcntuhirv  u>  other  disease  local- 
ize<l  in  tlieir  iiiiiiicdi:Lti'  iii'it;libi.rlii»)d,  especially  if  of  an 
inflamniatiiry  eiiar.ict('r,  tlie  iiniee--*  extending  to  the  wall 
of  ihe  :-inns  (phlebitis).  It  may  occur  in  carie-s  and  oeteo- 
myelitis  of  the  petrous  purtion  of  the  temporal  bone  and 
mastoid  process,  in  purulent  meningitis,  brain  alisoess, 
phlegmon  ;  or  spontaneously,  in  old  age  (mamntic  throm- 
bosis, chlorosis,  cachexia). 

Marantic  thrombosis  ia  frequently  localized  in  the  supe- 
rior longitudinal  and  in  the  transverse  sinuses.  In  aural 
affections  the  thrombosis  comnionlv  forms  iu  the  tranavene 
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sinus.  The  thrombus  breiiks  down  as  the  result  of  secon- 
dary infeetioD  and  leuds  to  metii^tatio  pyemia,  the  emboli 
making  their  wiiv  tlirough  the  jugular  vein  and  nght  heart 
into  the  limg- 

The  symptoms  vary  aeconliiig  to  the  sejit  ol'  tlie  throm- 
bus. Mfningitic  syniptonis  (headache,  vomiting,  convul- 
sions, coma)  are  ui^ualiy  present ;  also  jMiralysis  and  rigor 
of  the  museleH  of  the  neck.  Thrombosis  of  the  transverse 
sinus  protluces  edemn  over  the  mastoid  process  {venous 
stasis).  The  internal  Jugular  vein  on  rhe  ^me  side  is 
flaccid,  and  the  external  jugular  vein  empties  itself  more 
rapidly.  In  tliroinlMxsis  of  the  cavernous  einus  the  oph- 
thalmic veins  are  engoi^'d,  the  lids  are  edematous,  the 
conjunctivffi  are  cliemotic;  protnision  of  the  eyeball  and 
ocular  palsies  are  present  {the  oculomotor  and  alxlucen.i 
occupy  compartments  in  the  wall  of  the  sinus).  Throm- 
bosis of  the  superior  longiiudinal  sinus  betrays  itself  by 
venous  stJisis  in  the  veius  of  the  not<e  {epistaxis). 

A  positive  diagnosis  is  nut  always  possible,  because 
the  condition  is  often  masketl  by  the  symptoms  of  the 
primarj'  disease  (abscess,  meningitis).  It  can  l>e  made 
with  certainty  only  after  the  above-mentioned  hyjwstatic 
phenomena  have  made  their  appearance. 

Treatment. — Either  surgical  {opening  of  the  sinus  and 
|tacking  with  gnnze)  or  symptomatic. 

6.  For  diseases  of  the  arteries  and  their  consequences 
see  H''morrliage,  Eiiiliolisni  and  Aneurvsm  in  the  to! low- 
ing section. 

II.  THE    DISEASES    OF    THE     BRAIN    SUBSTANCE. 

A.  OKQANrC  DtSEASES. 

I.  Circulatory  Disturbances  and  their  Consequences. 

{a)  ADetnia  and  Hyperemia.— Tliese  two  conditions 

occur  (IS  lenijMir.iry  or  hi-iting  symptoms  in  a  great  number 

of  conditions,  as  in  exhaustion,  fever,  and    tho  various 

forms  of  anemia. 
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Temporary  cerebral  (especially  cortical)  anemia  f^ves 
rise  to  attacks  of  syiicoi>e.  Persistent  anemia  after  hem- 
orrhaged or  in  secondary  and  primary  anemia  due  to 
other  causes  cliows  itself  in  inipairiiK'nt  of  the  general 
condition,  somnolence,  fatigue,  tinnitus  aunnm,  vertigo, 
nausea,  iind  fic-j  uf  yawning. 

Treatment. — Infusion  of  salt  solution  ;  horizontal  posi- 
tion ;  I'lienuitu ;  cutaneous  irritation  in  acute  anemia ; 
rubefacients  ;  t^  and  milk  diet ;  iron  and  arsenic  and 
other  symptomatic  remedies  in  cliromc  anemia.  Alcohol 
in  the  form  of  red  wine  is  quite  superfluous  and  rather  in- 
jurious than  Ix'ucficiat  in  the  treatment  of  anemia. 

Hyperemic  conditions,  such  as  sudden  attacks  of  heat, 
palpitation,  vertigo,  a  feeling  of  oppression  in  tlie  head, 
occur  in  plethoric  indi\'iduals  and  those  of  the  so-called 
epileptic  habiL  It  is  probable  that  arteriosclerosis  is 
lately  res)H>nsible  for  these  symptoms,  although  this  la 
difficult  to  demonstrate. 

Treatment. — Regulation  of  the  diet ;  restriction  in  the 
Use  of  alcohol  and  tobacco  ;  baths  (Marienbad) ;  exercise, 
and  regulation  of  tlw  cardiac  and  renal  functions, 

(b)  Cerebral  Hemorrhage. — The  aru-ries  of  the  brain 
are  characterizeil  by  an  unusual  tendency  to  the  fonnation 
of  miliary  and  larger  aneurj'sms,  nipture  of  which  is  re- 
sponsible for  :i  great  variety  of  cerebral  lesions.  The 
bursting  of  even  a  very  small  aneurysm  may  lead  to  the 
gravest  consequences  if  an  im|)ortflnt  jiathway  or  nerve 
center  is  destroyed  by  the  hemorriiage.  Miliary  aneurysms 
of  this  character  may  occtn-  in  any  arteries  of  the  brain, 
luit  are  found  most  frequently  in  the  branches  of  the  arterj- 
of  the  fissure  of  Sylvius,  the  most  important  branch  of 
which,  ihe  lenticulostriatc  artery  (shown  in  Fig.  o,  p.  20), 
is  involved  more  often  than  any  other.  The  resulting  ex- 
travasation of  blood  pn)ducca  ruore  or  less  extensive  de- 
struction of  the  surrounding  brain  substanw.  If  a  throm- 
bus is  formed,  the  hemorrhage  becomes  arrested  :ind  Ihc  ex- 
travasated  blood  JniBSB^gd  partly  converted  into  con- 
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nective  tissue.  On  the  surface  of  the  brain  this  process 
leaves  a  defect,  while  in  the  interior  a  cvet  remaina  at  the 
site  of  the  hemorrhage. 

The  causes  tliat  may  lead  to  the  formation  of  stich  an 
aneurysm  are  arterlo.sclerosis  due  to  chronic  alcoholism, 
syphilid,  gout,  chnmic  nephritis,  old  age,  and  other  un- 
known cauiJGs. 

A  hemorrhage  occurring  in  tlie  region  of  the  basal 
ganglia  and  adjacent  portions  of  white  matter — the  inter- 
nal tapsule — is  followed  by  the  gravest  conseijuenceg. 
This  region  is  supplied  principally  by  the  above-mentioned 
branch  of  the  artery  of  the  Bssure  of  Sylvius,  which,  from 
ita  great  liability  to  hemorrhage,  lias  been  named  by  Char- 
cot the  "  ftrtfce  d  'hl'inorrhaijle." 

The  hemorrhage  is  attended  by  the  phenomena  of  cere- 
bral apoplexy,  the  so-ailietl  !i|K>pIectic  stroke.  After  the 
phenomena  of  the  initial  injury  have  nin  their  course, 
a  permanent  hemiplegia  remains  ns  a  residuum.  The 
occurrence  of  an  apoplexy  may  be  preceded  by  certain  pro- 
dromal symploms  affecting  the  circulation,  such  as  head- 
ache, vertigo,  tinnitus  aurium,  and  fatigue  on  the  slightest 
exertion.  In  many  cases,  however,  tlic  afiuplectlc  stroke 
occurs  without  any  warning  and  without  any  ascertainable 
cause,  or  it  may  come  on  suddenly  al'ter  bodily  exertion 
or  mental  excitement.  The  jiatient  is  suddenly  seized 
with  nausea,  his  head  swims,  he  becomes  confused  and 
falls  to  the  ground  unconscious.  This  is  known  as  the 
inmJt.  It  may  last  only  a  few  minutes  or  several  days, 
depending  on  the  severity  of  the  case. 

During  the  period  of  insult  the  {xitient  remains  in  a 
state  of  complete  unconsciousness  and  fails  to  react  to 
stimuli.  The  respiration  is  slow  and  stertorous  (snoring), 
often  intermittent,  pupillary  reaction  is  uncertain,  the  ex- 
tremities are  motionless,  and  when  the  arm  is  released,  it 
falls  lifeless  by  the  patient's  side.  In  some  cases  mild 
spastic  phenomena  are  observed.  There  is  retention  of 
the  urine  and  feces,  and  sometimes  conjugate  deviatioB 
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the  eveballs.  The  temperature  may  be  subDormal  or 
Donual,  or  hyperpyrexia  may  even  be  present,  especially 
toward  the  end.  If  death  does  not  occur  during  this 
I>eriod, — and  tliU  will  depend  on  the  extent  and  location 
of  the  injury, — the  patient  gradually  recovers  from  hi^ 
stupor,  regains  consciousnei%s  i>t"l  'be  exact  nature  of  ihe 
pandysis  is  now  first  discovered. 

The  paralysis  is  usually  much  more  extensive  imme- 
diately after  the  bemorrliage,  and  the  condition  gradually 
improves  more  or  less  in  the  oourse  of  a  few  weeks. 
The  initial  synijitoms,  whieli  tend  to  disappear  partially 
during  the  6rst  weeks,  are  known  as  indliKi  focal  fjpnp- 
ioinx.  Tliey  depend  on  the  pressure  exerted  by  the  dis- 
eased foca-*  on  neighlwring  jiortions,  and  therefore  dis- 
appear when  the  corresponding  regions  of  the  brain  rwover 
themselves. 

The  dired  focal  gtpnptotm,  on  the  contrary,  are  irre- 
metliable  and  permanent,  as  they  are  due  to  the  destruction 
of  dcRiute  nerve  paths  and  centers.  They  vary  greatly 
with  the  localization  and  extent  of  the  hemorrhage, 
ranging  fmm  slight  transient  (passagfire)  hemiparesis  to 
total  hemiplegia,  with  hemianesthesia  and  hemianopsia. 
The  muscular  paralysis  in  cerebral  hemorrhages  usually 
affects  an  entire  muscle  niiTluiiilKin — that  is,  a  group  of 
muscles  functionally  associated.  If  the  hemorrhage  is 
lot^ated  in  the  leA  hemisphere,  it  follows  that  the  paralysis 
will  in  most  cases  be  accompanied  by  some  form  of  aphasia. 
Hemorrhages  in  the  white  matter  may  exist  without  pro- 
ducing any  symptoms,  while  a  hemorrhage  in  the  brain- 
stem may  produce  crossed  hemiplegia.  (Consult  Part 
TV,  3.) 

The  affected  nmscles  show  spastic  paralysis,  with  a  ten- 
dency to  the  formation  of  contractures,  but  without  degen- 
erative atrophy.  The  tendon  reflexes  are  exaggerated  ; 
the  cutaneous  reflexes  on  the  paralyzed  side  are  frequently 
diminished  (see  p.  82).  In  rare  tflses  a  form  of  atrophy 
developing  with  unusual  mpidity  has  been  observed  (lesion 
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of  the  Optic  thalamus?);  cerebral  atropliy.  The  hemipl^io 
gait  has  been  n!rerred  to  on  page  108.  Tlie  following 
movements  are  ofteu  permanently  lost :  n]M.'iiing  of  the 
hand  and  supination  of  the  arm,  while  the  |M)W(T  of  closing 
the  hand  and  pronating  the  arm  is  often  retained. 

Choreic  and  athetoid  irritative  phenomena  may  occur  on 
the  side  of  the  hemiple^a  (posthemiplegic  hemichorea, 
hemiathetosis).  In  extensive  or  in  re|)eated  hemorrhages 
(which  are  ijiiite  common),  the  intelligeuce  of  the  indi- 
vidual suffers ;  he  becomes  morbidly  irritable  or  total 
dementia  may  develop  secondarily. 

Diagnosis. — Cerebral  hemorrhage  is  to  be  differentiated 
from  uremi<;  coma  (urine),  diabetic  ctinia  (acet^ine  odor, 
sugar),  extraraeningeal  hemorrhage  from  the  middle  menin- 
geal artery  in  fracture  of  the  skull  (history,  typical  course 
of  the  increasing  brain  pressure),  cerehral  emlwlus  (early 
age,  heart  diseases,  symptoms  less  severe,  paehy meningitis, 
q.  v.).     (For  the  topical  diagnosis  consult  Part  IV,  .1,  I.) 

Treatment. — Prophylaxis.  (See  under  Hyperemia.) 
During  the  period  of  insult  ice-bag,  rest,  evacuation  of  the 
bladder  and  rectnm,  venesection,  stimulants.  After  the 
period  of  insult  reassurance  of  the  patient,  gj-mnastic 
exercise,  electricity,  iiiaPAige,  baths  (salt  iind  mud) ;  symp- 
tomatic. 

fc)  Brain  Embolism  and  Thrombosis. — Emlmlism  oc- 
curs when  fibrin  clots  are  swept  into  the  arteries  of  the 
brain  and  lodge  in  one  of  the  smiiller  bninchcs.  The  em- 
bolism 19  usually  derived  fmm  the  lefl  heart  (endocarditis 
of  the  niitnd  valve  or  of  the  aorta).  It  traverses  the 
internal  carotiil  and  lieeomcs  arrested  in  a  vessel  of  the 
first,  second,  or  third  order,  according  to  it.s  size,  fre- 
ijuently  in  the  artert-  of  the  fis.sure  of  Sylvius  on  the  left 
side.  As  the  arteries  of  the  brain  are  end  arteries  and 
the  collateral  circulation  can  not,  therefore,  be  reestab- 
lished, the  area  supplied  by  the  occluded  vessel  undei^oes 
necrosis.  Softx^ning  takes  place  (see  under  General  Pa- 
tholt^'),  the  contents  of  the  softening  focus  are  abeorjjed. 
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Symf^Kma^ — KahnliBW  fraimtrs  a  priuBnr  apuplvctic 
Mi»h  liwibi- 10  Am  wtwuml  sftrr  Iwiniiiihage,  bat  the 
caas  dot*  mat  last  »  Inag  and  ^  sr<  m  drrp  a«  in  tlir 
Cifii  <unliu>w.  On  n>e  otbrr  haoA,  prodnmal  cyni|v- 
toas  maj  be  nwv  imimiimm  aaJ  rann'  imrk<'<)  in  4^1- 
boUmt,  and  r?frrallT  n  priiaMy  thmmbod  ritnuutJou. 
Thnr  e  ibr  atoe  apfmrancv  ut  dim-t  and  iiMiiirt-t  fwnl 
^rmpmas  bni  tbv  indirrct  ^rmptocns  disappear  more  ra[>- 
idlv.  as  fntae  ana^aatoiit  nlwars  lakt-^  [•lace  at  tlio  boau- 
darr  of  ibe  iMfTvtic  arm.  S^ptMits  tbat  fail  to  dtap- 
pear  after  a  ftrw  days  are  irmntdubW  at»d  prKif^  pemia- 
nenllr  a^  diivct  focal  i^vmiitotu^  A^TonHng  lo  ilw  «at 
of  tbe  eml)(Ju!>,  ibere  mar  b<r  RipiilU'  diapputriitg  bcnii- 
pBtvsi.-i,  and  Wtitig  ami  tw-rt- orlc^rxu-n^iv«  hriuiplfpa  ; 
ap)ia-ia  is  nion-  frciiih-nt  th:iii  in  hemoirbi^ ;  nltmtatin^ 
palrio.i,  lj«-miiii)<>j(iin.  tU*.,  (■v«r. 

For  diagnosis  and  treatmciit  stv  iiodt-r  Hi-rnorrliu^. 

fd)  Anemysins. — The  hii^p  ancurrsms  occur  nuMst 
fn-<|iienlly  in  (In-  artcrie:*  at  ihv  Imse  uf  the  brain,  tbc 
artery  of  the  fissiin;  of  Sylvius,  «in>tiil,  anterior  cnmuu- 
niititin^  arlvrr,  ba-'ilar  ami  vertebral  arteries,  Owit^  to 
the  preR-tiire  on  the  bfain  substance,  cranial  ner\-es,  aitd 
pyniinid:il  tra<-t  in  th'-  pons  and  mcthillH  oblon^la,  altrr- 
natin^  hemiplegia;'  make  their  apittaraiice.  Aiteurvdiii 
111' thi-  ititcnul  carotid  gives  rise  to  ptitsiiting  exophtbal- 
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(e)  Arteriosclerosis  of  the  Arteries  of  the  Brain. 
— The  symptoms,  in  ailditiim  to  a  teiidencv  t<i  hemor- 
rhage, thromlMjsis  (rtii'tcninf;  foci  and  aiKMirysni),  are  such 
as  have  been  mentimied  under  Cerebral  Hyperemia: 
niildor  grades  of  heniijMiresis,  transient  attacks  of  vertigo, 
visual  distil rbiinces,  etc.,  dcjiendiDg  oii  \Ttri(ius  cireiiliitorr 
disturbances. 

For  the  treatment  mt;  under  Hyperemia. 

2.  Inflammatory  Diseases  of  the  Brain -Substance. 

(a)  Brain  Abscess. — Tliis  occurs  alter  injury  to  the 
sknll  or  in  coiHieclitui  "ilh  nlher  inflammatoiy  procesei'S, 
such  a«  puralent  nicningilifi,  caries,  otitis  niiilia,  osteomye- 
litis, jiyemia,  aott  ahiieei's  of  the  hinge.  An  abscesa  is 
called  idiopathic  when  no  priuiarv  afl'cctiini  can  be  discov- 
ered. 

AbriccsaeB  are  most  frei|ueully  found  in  the  tem])oral 
lobe  and  in  the  cerebellum,  ei-pefially  when  they  are  sec- 
ondary to  disease  of  the  ear. 

The  following  oi^nisnis  have  been  found :  Staphy- 
locoecufl  aureus  ;  the  dipl(K\^)ccus  of  Friinkel ;  strepto- 
coccus pyogenes ;  oTdium  albicans ;  tuWrele  bacilli  ; 
baeilluu  pruteus,  and  others. 

Course. — A  bntin  abscess  may  become  eni^psulated  and 
thus  remain  latent  dtv  a  long  iK-riiKl  (as  long  as  ten  years 
in  some  eases),  and  tln-n,  witiiimt  any  discoverable  cause, 
suddenly  produce  violent  focal  syinptians  complicated  by 
symplonis  of  meningitis  (nipture  into  a  ventricle  from 
without). 

The  symptoms  of  brain  absccj=s  arc  jMirtly  paralytic 
(the  fiK-al  symptoms)  and  jMirtly  irritative.  (7)  General 
KymptniiiK :  Persistent,  dull  headache ;  vomiting;  vertigo; 
irreguliir  l<iw  fever;  at  times  eomntoiie  (-onditionr<;  retard- 
ation of  tlic  pnlse-rate  and  eoiivnlsions.  (S)  Fond  »^ap- 
tom*.  incbiding  agreat  variety  of  paralytic  and  irritativ 
phenomena,  a."  hemiplegia,  hemiano))sia,  epileptic 
in  cerel>ellar  aijscess,  cL'rel>ellar  ataxia  ;  when  tlie 
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is  to  the  lemporal  lol>e,  sensnn-  n|iha.-iii.  The  Wl-namod 
Bj-mptom  iiiiiv  be  Absent  Impending  rupture  (extra- 
inenin^'al)  is  lieraldetl  bv  exaccrluitioii  of  the  gymptoms. 
NqI  infn'<{n>'titly  tliere  are  marked  cachcxtu  and  apathy. 

Diagnosis. — Braiii-tuinur,  iu  which  there  is  uluioctt 
always  chuke<)  diirc'  and  in  which  fever  is  ab^nt,  muiit  be 
excluded.  The  diagnosis  rests  on  the  demonstration  of  n 
primary  punilent  ftxius,  the  liisior}'  of  a  previous  injurA', 
meningitis  ( rapid  course,  hypen-sthcsia,  high  fever,  rigidity 
of  the  neek),  thrombosis  of  a  sinui*  (pyemic  fever),  local 
e<Ienia. 

Treatment. — Eschisively  snt^ieal ;  tre|ihining,  puiK- 
tnre  with  a  probe,  opi'tiing. 

(b)  Acute  Nonsuppurative  Encephalitis. — This  in- 
cludes various  processes,  the  exact  nature  of  which  is  not 

»,  A  hemorrhagic  fr)rm,  characteriKed  by  tlie  appeanuK^ 
of  acute  iiiHiimniJitory  phenomena  and  the  formation  of 
great  ntimiKTs  of  minute  inflammatory  hemorrhagic  foci  in 
the  cortex  and  ba.sjd  ganglia  ( infectious  ?  toiio  ?). 

The  symptoms  are  both  uemngitlc  and  foes],  the  latter 
^■a^ying  acconling  to  the  seat  of  the  afFcction, 

'I'he  prognosis  is  not  always  unfavorable. 

,J.  A  similar  form,  which  is  observed  chiefly  in  chronic 
alooholism,  is  characterized  by  nunierons  gmull  hemor- 
rhages in  tlie  hrain-t^teni,  especially  in  the  rc^on  of  the 
aqueduct,  nnderneulh  tlie  corfMira  ijtiadrigeinina.  It 
leads  to  palsies  of  the  ocular  muscles  (acute  ophtlialino- 
plegia). 

)■.  An  "liM-Lirc  priM-ess  that  forms  the  basis  of  so-called 
cerebral  paralysis  of  children.  This  form  of  infantile 
paralysis  is  eitlier  eongenitnl  or  aixtuired  in  earliest  infiine%- 
(varions  processes?).' 

Course. — During  the  lirst   month?  of  life  the  infant  is 

Other  forms  o(  rerebnil  inratililf  inlsy  are  due  to  injuria  to  the 
Bkail  dnring  foivcpa  deliverim,  iiitni-iit«nne  oireiilniory  diHtiirtmiMM 
(endarteriti*,  phlebitis),  and  variauii  foniis  of  lunwled  derrlopnient. 
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suddenly  seizetl  with  severe  meiiiiigitic  symptomti,  which, 
however,  soon  di«appmr.  They  depend  on  certain  inflam- 
matory pnH^esaos  in  the  oentrul  cuiivcihiiiDns  whicli  liave 
nm  tlieir  nmrst  nnd  heen  foltowrd  l.y  u  li.nnaium  ol'  scars, 
cysts,  atrophied  aivast,  and  di>ii-i-r-  ^[Mirciici'iilialia)  in  the 
affected  jtarts  of  the  brain.  Acandingly,  certain  (.crelii'al 
palaie::!,  always  spastic  in  churai-ter,  remain  after  tho  initial 
Hyntptunis  have  disappeared.  It'  the  lesion  is  bilateral, 
there  will  be  spastic  puiikpU^ia.  The  gn>wUi  in  the  para- 
lyzed jxtrtion  of  tbf  biMly  (un  arm  or  a  leg.  or  one  side)  is 
much  ivtanliil  coiuiwrcd  with  that  of  the  other  side,  and 
one  entire  half  of  the  body  may  remain  atrophic  (hemi- 
ulnspjiiu  spastica).  The  irritation  of  the  B«ir  in  the  cortex 
fmpicnily  leadrf  to  e|iiteplic  scisnii's  and  athctogis,  wliile 
psychic  defects — idiocy,  dmf-mutiBni,  and  defects  in  the 
speech — are  often  present. 

The  treatment  is  symptomatic.     (See  Meningitis.) 

J.  Brain  •tumor. 

Tninors  may  deveh>p  in  the  interior  of  the  brain  after 
traumatism,  as  metastatic  growths  derive"!  from  other 
tumors  in  the  body,  or  they  may  develop  spontaneously. 

Tliey  may  gi-ow : 

Fmii  the  bime  (Barcoma,  carcinonui,  osteoma,  gumma). 

F\-oui  tlie  iiirnini/fn  (sarcoma,  carcinoma,  tihromii,  soli- 
tary tubercle,  gumma). 

From  the  blood-reK*rU  (gnmmn,  aneurysm). 

Tn  the  bfaln  itiib«fanrf  (glionm,  sarconm,  mctuslulie  and 
primary  carcmoma,  cysticcrei,  eclnnoctH-oi). 

The  iin>«t  frequent  tumors  in  the  achdt  arc  the  glioma, 
gnmniii,  and  sarcoma  ;  in  the  child,  the  solitary  tuborclc. 

The  symptoms  vorv  ncconling  to  ihe  sine,  the  nitc  of 
growth,  the  nnmber,  nnd  the  seat  of  the  tumors.  Alt 
tnmors  have  trrtain  symptoms  in  common,  depending  on 
the  presence  of  a  growing  foreign  Ixwly  within  the  limited 
spaiw  of  the  cranial  cavity.  Tlicy  are  known  as  general 
ttUDor  symptoms.     The  other  symptoms  depend  chiefly  oa 


the  seal, 
jn-esenl. 

Course. — Tlic  t/eiiiriil  itifmjilwiiM  nf  braiii-tuiiitir  are 
caused  liy  their  I'licrouolimi-iit  on  the  craiiml  cavity,  aod 
the  resulting  iiieiviise  in  the  iiitracraniul  pressure,  which 
exerts  an  iiijiiH'iiis  iiiHiience  both  on  the  brain  as  it  whole 
ami  on  llie  viiwcnhir  and  lynipliatic  eireu  lilt  Ion.  Thet* 
symptoms  are  :  (a)  Heailiiehi',  jiersisteiit,  dift'iise,  dull,  and 
of  pi-ogresaive  intensity,  thiMhbing  in  charaettr  ("Schel- 
teni");  (6)  cerebral  viiniitiiifr,  not  depending  on  the  inges- 
tion of  food  and  oeeniTing  piiroxyHiually ;  (e)  verligit, 
feeling  of  opprpsRiim,  somnolence;  {'/)  slowing  of  the 
pulse;  (p)  epileptiform  and  aiMiplectiforni  seizures;  (/) 
clioked  rfinc,  or  optic  nenrilis,  the  cardinal  symptoiaof  bniin- 
tnmor.     (See  Part  IV,  p.  1)8.) 

The  foail  sj/mptoiiit  are  divide!  into  <Hred,  or  f<H^I,aiid 
indired,  or  remote,  syniptomc.  They  vaiy  according  to 
the  seal  of  the  growth,  and  consist  of  monoplegia,  hemi- 
plegia, Bometinics  with  paralysis  of  the  cranial  nen-ca  of 
the  opiKtsite  side,  liemianesthesia,  hemianopsia,  cerebellar 
ataxia  (corpora  qiiadrigeniina,  eerebellnm),  aphasia,  and 
basid  symptoms.  (For  a  detailc<I  aeeuunt  see  nnder  Focal 
Discanes,  Part  IV,  :J.)  Jacksonian  epilepsy  is  common. 
Tonic  and  later  clonic  convulBive  attaeke  of  gradually 
increasing  extent  also  occur. 

The  focal  symptoms  may,  however,  l»e  absent  or,  at 
Ic-ast,  very  indistinct.  Tumoi"M  of  the  corpora  qnadri- 
peminn  iniiy  pnKlnec  acute  internal  hydrocephalus  by 
pressiLi-c  on  the  veins  of  Galen  in  the  third  ventricle,  thus 
olwtniciiiig  the  flow  of  the  (-erebrospinal  fluid.  {Sec 
Hydro<*phalus,  p.  lo!.) 

D)sg:no3is. — First  of  all,  the  presencof  a  bmin-tumor 
is  iliitgrmslieated  li-om  ihc  general  Hvniptonis. 

"^V  following  conditions  are  to  lie  excluded  :     Alwccss 

'oM-'ephnhiK.  ■/■  '■      Next,  the  r-eat  of  the  tnmor  is 

dbyatlen''  -■    Mi..  tor;ii  -yniptoms.  as  explained 

'.  3,  *  ■   li!i-e  of  the  skull  (anterior 
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middle  or  poutcrtor  foHra),  in  one  nf  tlie  lobi-n  of  tho 
cerebral  hcraisphereB,  in  t)ii>  hraiii-stcni  ((virgxini  (|ua(iri- 
gemiim  or  pi>ii)>),  or  in  tlu'  <'i'rii!K.'lluin.  Only  tlic  (lircKjt 
focal  iiiympb>mi«  which  iiii'  iic-isiHlcnt  ntiil  |iiiitt:rcr«Hiv('  can 
be  utilized  in  the  (opioal  •lia^iiimiH  ;  tli<'  imiinrt  nynipUims, 
or  those  that  are  traii^iont  luxl  nl'  varyiEi);  inU'imity,  aro 
useless  for  this  purpoBe.  It  in,  however,  not  iilwiiyit  )h)m- 
sible  to  dinting'iiiMh  lietween  the  twn  kindn  of  nymptomH. 
Finally,  an  attemjit  should  Ik-  niaih'  In  detiTmine  tlw 
nature  of  the  tiinmr  by  IiKikiii^  for  nijfni'  of  tiilwreulmin 
or  lues,  or  for  the  prenfiKu-  of  n  primary  tumor  In  other 
parts  of  ihe  body.  Many  hind^of  tiimiirK  have  charoc- 
leri^ic  seatit ;  thiu,  a  tumiir  ar  rhe  bum'  of  the  Itrain  to 
thither  a  gumma  or  a  Harcumii ;  gliomalu  are  found  In  Ui» 
Srain  substance.  Cen'beilar  ami  (xintim*  tiimoro  are  unU' 
ully  solitary  tuberelei*  or  gliomiita.  The  i^rowth  of  a  «ir- 
eunia  i)*  rapiil  ;  tliat  of  a  glioma,  hIow. 

Treatment. — If  there  iw  (he  rnintent  ■unpieion  of  juex, 
innnetionnand  piitanriium  i'Niid.  If  the  tumor  ix  in  the  ivrr- 
tex,  an  attempt  at  operative  removal  in  ju»tifiable  (nxe 
General  Trtatnit-nt) ;  otberwiw  iIm!  treatment  iti  merMy 
Bymptonuuie — nar»>tiiv,  bmmid*. 

4.  hitemal  Hytfroccphalua. 

By   thw  term    in    nwani  a  ]cttho}>>;;ie   mhtmuu?    to   lb« 

soiaaiit  '^ cer«-br»>pinal  fliii']  in  the  lateral  awl  ihini  ven- 

iriHeri.     The  ta-rni  external  hydmc-pliaino  in  apiJiMl  tnm 

CoOectkia  «(  flu'ul  in  the  'iiiarsuiiifiiil  fljiare.  whirb  eMD- 

I  with    the  ventricl«9>.     iMr-nkal  bT'lmccplnlaa 

'ital  or  acquiiwi.     The  (sow  m  anyyiitd  to 

UiiB«[]iy  ifaBMtof  tkr  ciKwifna  of  iIh 

*  mai  et  lAm  Hmnid  pl^iM,  m  urn  tjumrnHtm  • 

r  fftUB  the  thir*l  T«ifri<-le  \n  m 


HHrited  ^paAe^  nf  brdronephakM  the  embtal 
■ithiwri   awl  ihe  hvan   «Mb«MCC  ■ 
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pressure.  Tlie  circumfereiico  of  the  skull  may  r«ich 
fiAy  t(t  fixly  cent i meters,  the  normal  being  less  than  fiOv 
in  ehildrcn.  The  collection  of  fluid  in  tlie  thinl  veii- 
triele  jiroducts  a  bulging  of  the  floor  and  pressure  on  the 
stnictiires  lying  l>eiieatli  it  ;  optic  nerve,  uliiiL-MU  (hiteni- 
jKiral  hemittDopsiu),  oeuloniotor,  and  abducens  iiervea. 

Course. — Hycirocephalns,  when  congenital  or  acquired 
in  early  chikllnKHl,  is  associated  with  idiocy,  bilateral  spiui- 
tic  palsies,  uud  (■])ileptiforni  attacks,  Eurly  death  is  llie 
rule.  Id  adults  the  development  of  hydroeephaUis  is 
accompanied  by  meningitic  phenomena  :  headache,  vomit- 
ing, coma,  optic  neuritis — but  no  fever.  The  conrse  is 
marked  by  exiieerbations  and  remissions  ;  choked  disc  may 
be  present. 

Tlie  diagnosis  from  brain-tumor  can  not  always  be 
made  with  ccrtjiiuly  (abseni'e  of  the  increase  In  the  circum- 
feronce  of  tlie  skull,  more  nipiil  ilevelopment,  imd  remis- 
sions not  so  frequent). 

Treatment.— Oitenitivc  :  piuicture  of  the  ventricle  or 
of  the  central  cannl  at  the  lumbar  enlargement  between  the 
third  and  fourth  lumbar  vertebriB.  The  needle  should  be 
inserted  to  a  deptii  nf  from  seven  to  eight  centimeters  in 
an  adult.  Mnnomctric  pressure  in  the  lateral  decubitus  is 
normally  from  forty  to  sixty  millimeters  of  wat<T  ;  a  rise 
above  150  mm.  is  {tathologie.  The  value  of  these  sui^ieal 
measures  is,  however,  very  doubtful.  Externally,  blue 
ointment;  unguent,  tartnri  stibiatis,  applied  after  shaving 
tiie  occiput.     Calomel, 

5.  Paralytic  Dementia  (Progressive  Paralysis). 

Progressive  paralysis  is  due  to  a  degenerative  process 
in  the  brain.  NunienHis  minute,  iiieilullated  and  uon- 
meduUated  ner\'e-fil)ers  and  possibly  some  cells  are  prima- 
rily destroye<l,  especially  in  the  cortex.  The  alterations 
are  said  to  be  most  marked  in  the  frontal  lobe.  Owing  to 
the  destniction  of  the  iieryerlilieTO  the  thickness  of  the 
cortex  gradually  dimini  inialely   the   entire 
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bniin  becomes  atrophinl.  In  ntldition  to  this  degenerative 
process  tjhronic  inflo minatory  cliangea  in  the  vessels,  the 
neuroglia,  and  the  meninges,  and  internal  hjdroeeplialus, 
etc.,  are  conataiitly  present. 

The  di^ase  is  imrticnlarly  eunimon  in  men.  It  shows 
a  remarkable  tendency  to  follow  syphilis,  and  shan's  with 
tabert  the  apimllatiim  iiidn«i/philU.  It  is  also  known  to 
follow  tninniatism. 

Course. — The  dpfjenenitinn  of  the  nervous  elements  in 
tlie  eortex  is  attended  witli  progressive  deterioration  of  the 
nientjd  functions,  the  iutelligenee,  the  character,  the  mem- 
ory, and  the  power  of  speech  (associative  functions). 

Symptoms. — The  change  in  the  ehanicter  is  often  tlie 
first  praminent  symptom  :  Didlness,  irritability,  tendency 
to  commit  execsses,  inability  to  do  any  mental  work,  de- 
pravity. If  the  iKitient  present  himself  during  this 
period,  the  foUomng  chanicteristic  symplonis  are  to  lie 
specially  looked  for. 

1.  Rigidity  of  Ihe  pupi/ji,  either  unilateral  or  bilateral; 
unc<]ual  pupils. 

9.  I'ari'fi/tic  dt^iirhantrs  nf  speecJi  (literal  paraphasia) : 
negligent,  incorrect  manner  of  speaking,  omission  or  tranft- 
position  of  letters  and  syllables,  (See  under  Disturbances 
of  Speech,  Part  IV,  4.)  Or  agrajdiia  and  alexia  may  he 
present — letters,  syllables,  or  wonis  may  be  omitted  or 
punctnation  mark-s  put  in  the  wrong  places. 

S.  Loss  of  PnUUnr  Befti-x. — Paralytic  dementia  may 
occur  in  connection  with  tabetic  symptoms;  or  it  may  l>e 
associated  with  disease  of  the  lateral  tracts,  in  which  ease 
the  reflexes  will  be  exaggerated. 

4^.   Tremor  of  the  hamls,  and  of  the  tongue  and  lips  while 
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The  paralytic  nt/acht  occur  later  in  (he  disease.  There 
may  be  apoplectiform  ilisturUinces  of  oonBciouBneaa,  with 
or  without  epileptiform  seizures.  The  o^^*^^^"" 
ytic  symptoms  usually  disappear  as  tiie 

The  psychic  deterioration  giies  stead 
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tixij)!)!!;  I^lerul  Sclerosis.)    Tlie  ]iatieiits  die  of  asthenia  or 
iiiR]ii  ration  pneumoniu. 

Treatment. — Symplomatic  ;  elt-otricity,  buliis,  tubal 
feeding.  Arsenic,  strychnin,  potassium  iodid,  and  atropin 
are  without  effect.  It  is  impossible  either  to  replace  the 
gangliiiu  cells  that  have  been  destroyed  or  to  arrest  the 
progress  of  the  diseuse. 

Biilbnr  pantlvHi»i  may  be  aimnlakd  by  oCber  diaeasce. 

(a)  Pseudobulbar  paralysis  iedne  to  Boftening  foci  From  pmlMlttH 
or  liemorrhaee  in  (NirreHponding  n^oiis  of  llie  two  cerebtal  hetui- 
spherea.  If  tlie  cenivrs  Tor  the  facial,  hypoploesus,  etc.,  are  injured, 
the  sjiuptonia  nt  biillMir  jtiiralj'^  willioiiC  iiiuNrulnr  atrophy  may  be 
prodiitt-d.  It  is  to  lie  rcnienibered,  however,  llial  otber  diseased  fnci 
may  bepreflent  in  the  iiiednlla  at  the  same  time, 

(b)  Bulbar  Paralysis  Without  any  Pathologic  Changes.— 
The  diaense  is  h  cniiibinnliou  of  bulbar  symptoms  nith  paretie  con- 
ditions of  other  entn-iuities,  elc.  The  mnacIesrendiljIiecomeMigued; 

y  be  present,  but  nithont  atrophy.     I'p  to  the  present  time 
'c  bosiH  has  been  diaxn*er«d  tor  the  dineaee. 


It  is  not  always  possible  to  exclude  these  forms,  espe- 
cially in  the  diagnosis  of  an  acute  disease.  Hysteria  and 
multiple  sclerosis  under  certain  conditions  may  produce  a 
similar  clinical  picture.  The  above-mentioned  pointti  in 
the  diagnosis  should,  therefore,  receive  the  most  careful 
attention.  The  most  characteristic  feature  of  the  symptom- 
complex  is  its  gradually  progressive  development. 

8.  Diseases  of  the  Cerebellum. 

These  have  been  discussed  under  Tumor  and  Abscess. 
Other  diseases  of  ihi'  t'crebellmn,  such  us  atrophy  and 
sclerosis,  are  rare. 

Q.  Multiple  Cerebrospinal  Sclerosis. 
See  under  Diseases  of  the  Spinal  Cord. 
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Cerebral  Neuroses. 

This  term  embraces  all  those  disea.*<'s  of  the  brain  the 
exact  nature  and  seat  of  whicli  are  iiiiknowii. 

I.  Neurasthenia. — Neurasthenia,  with  hvfiteria  and 
hypochondria,  rvpreseiits  the  tnmHitiou  lo  grave  psychic 
diseases  (psychoses).  Neurastlienia  is  u  chronic  condition 
of  morbid  asthenia  and  irritubility  of  various  psychic  and 
bodily  functions,  dne  to  improper  training  and  bringing-up, 
to  overexertion  and  excesses  of  all  kinds,  and  is,  in  niany 
cases,  dependent  on  liereditaiy  predisposition. 

Symptoms. — The  patient  is  depressed  or  anxious  and 
irritable;  the  will  power  and  the  capacity  for  work  are 
impaired,  particularly  such  work  as  requires  mental  con- 
centnition.  Among  other  symptoms  may  be  mentioned  : 
fatigue  ufVer  the  slightest  excrtitm  ;  a  morbid  tendency 
to  introspection  (nosophobia,  syphilophobia) ;  insomnia ; 
feeling  of  oppression  in  the  head ;  tremors  and  iKil]>itji- 
tioo. 

The  clinical  picture  may  be  in  addition  complicated  by 
a  long  array  of  other  physical  symptoms ;  abnormal  sensa- 
tions of  every  kind  ;  [lains;  disturbances  of  the  gastric  and 
intestinal  fim(;tion9  (hyperacidity,  nervous  dyw]>ei>sia)  and 
of  the  sexual  power.  (Consult,  in  this  conne<'tion,  tiie 
paragraph  on  Occupation  Xenroscs,  p.  189.) 

In  severe  grades  of  neurastlienia  tlie  patient  is  harassed 
by  uncontrollable  thoughts  and  metaphysical  mania,  lint  the 
condition  does  not  develop  into  iiny  other  (isychic  iilfi'clion. 
The  typi«d  course  of  ncunisthenia  is  intermittent :  ilie 
{Kitient  may  feel  (juile  well  for  a  long  time,  when  suddenly 
llie  distressing  svraptonis  again  make  their  appeflrnnce  in 
full  force. 

Diagnosis. — Exclude  other  bixlily  diseases,  such  as 
paralytic  dementia,  multiple  sclerosis,  and  hysteria,  by 
repeated  earefid  examination  (nrine,  lungs,  heart,  stomach). 


Tlie  ililfcivntild  dmgnOHid  frtmi  thes(>  tiji 
found  under  the  resiwtctivc  headings. 

Treatment. — Alky  tiie  patient's  f'tard  und  forebodings 
lis  much  as  posf^iblo  aud  give  htm  moral  encouragement. 
A  iicura^ithenic  pullcnt  should  always  be  carefully  ex- 
iuiiiiied  ;  it  is  a  great  mistake,  both  from  a  therajtentic  and 
diagnostic  point  of  vii>w.  to  M^nd  him  away  wiiliout  a 
minute  objective  exaioiiiatiiui,  tor  mu.'Ii  ii  piiti<'iit  i>  rfaliy 
ill.  Give  abundant  aud  nutritious  diet ;  t-ohl  liathe  or 
change  of  air,  either  at  the  seashore  or  at  the  mountains; 
Weir  Mitclieil's  treivtnient  (four  weeks  in  bed  on  a  diet  of 
milk,  egg^,  and  large  quantities  of  meat);  eli-ctricity ; 
gyiiiniistir  exerciw;  arsenic,  iron,  qninin.  Do  not  give 
tiHj  much  mi'dieine — no  morphin. 

2.  Hypochondria. — This  affection  shares  with  neuras- 
thenia tlie  symptom  of  morbid  introspeclion  ;  but  whereas 
in  neurasthenia  the  patient's  complaints  as  to  the  location 
and  inten^iity  of  the  pain  vary  from  time  to  time,  the  scn- 
sitions  conijilaincd  of  in  hypoclmndria  are  more  constant 
and  localized.  Ah  a  rule,  the  patient  complains  of  some 
disturlxtnees  of  the  al>dominid  function^*.  The  effect  of 
these  sensationtj  on  the  psychic  nmdition  is  more  lasting 
and  more  systematizeil ;  in  fact  the  depression  of  hy]K>- 
chondria  is  much  deeper  seated  than  that  of  ncnnuitlienia. 
A  neurasthenic  discusses  his  symptom.s  with  the  greatest 
frankness,  while  tlie  hyjwehondriac  hnxxk  over  his  troubles 
in  sullen  taeituruity. 

Gastro-intcstinal  disease  (latent  «ireinomn,  ta|>ewomi) 
is  to  1)0  excluded.  Hypochondria  can  \k  distinguished 
from  beginning  paranoia  and  the  pystemio  delusions  char- 
acteristic of  that  condition  only  by  careful  observance  of 
the  pn^fn^is  of  the  disease. 

The  treatment  i-  the  same  as  for  neurasthenia. 

3,  Hysteria. —  Definition.  —  Hysteria  is  a  psychosis 
.'  nioHiid  disturbance  nf  volition   and  psvofaio 

nbitiou,  manifi'sting  itwlf  in  an  endless  variety  of 
1  anomalies  of  the  motor  and  sensory  spheres,  for 
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which  it  k  impus&ilile  to  discover  any  ot^uIl-  Im^iii:.  The 
luantfostjitiiiiiii  nf  the  iliHease  are  all  purely  i>sycliogeHic  in 
<)ritnn. 

Course. — Hysk-riu  oceuns  must  fretiueutly  in  young 
iiidividiuils.  The  most  important  factors  iu  the  etiology 
are  lierwiity,  whiciition,  and  emotional  diplurhaiices. 

The  psvehic  condition  in  hysteria  uiidrrgiK'S  a  morbid 
change,  so  that  the  (tatieiits,  cither  by  suggeBtion  or  auto- 
suggestion, exhil)it  a  variety  of  psycliie  and  b<KliIy  reac- 
tiuns.  They  are  irritable,  capricious,  absent-niindwl,  and 
very  uncertain  in  their  actions  (explosive  actions) ;  the 
intelligence  is  not  affected. 

The  h(Klily  symptoms  are  (1 )  utigmaUi,  which  arc  perma- 
nent, but  may  be  absent,  and  (2)  paroxysmal  hyglme 
ottacht. 

I.  Stigmata. — (a)  Heniiaiiesthe^ajOrtolaWof^aofseiien- 
tion  of  one  half  the  body  or  of  individual  rc^onn,  includ- 
ing all  tiie  (jualities  of  sensation,  pain,  heat,  etc.  The  sense 
of  taste,  smell,  and  hearing  may  be  lost  on  the  same  side 
and  the  color-sense  may  be  impaircl  (achromuto{)sia). 
The  visual  field  may  be  contracted  or  there  may  be  an 
unusual  tendency  to  ocidar  fatigue.  The  liemtancHthesia 
is  due  to  loss  of  a  part  of  the  as-ioeiations  necessary  for 
contK?ioua  sensation. 

(b)  Ili/jU'rintheitin  of  one  half,  or  )>art  rtf  one  half,  of 
the  l)ody,  jKiin  clieitet!  by  pressure  on  the  "varie«,  the 
groin,  the  patella,  and  vertebnd  ]aiii.'  Hysteric  attacks 
ran  he  priHlneed  l)y  irritation  of  these  jmints  (hysterogenic 
zones — loss  of  central  us.'tocialive  inhibiliou). 

Pains  and  ahnnrmal  sensations  of  various  kinds,  such 
as  globus  hystericus,  etc.,  are  often  omiplaincd  of. 

(o)  Hysttrie  jHitsies,  which  may  sinmhiti-  alinoF^t  any 
form  of  disease.  They  are  due  to  a  central  ]taralysis  of 
the  will  (lower  (ijaralysia  of  certain  movrmente,  not  of 
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individual  iiitiscles),  and  iniiv  di«i[ipear  as  rapidly  as  tliey 
came. 

The  mo^t  cummon  forma  ure  hysteric  apliouia,  agraphia, 
apho-sin,  uphagia,  hysteric  homipl^a  (without  involve- 
ment of  the  facial  aiid  liypoglnssua),  hysteric  astasia  (in- 
ability to  stand),  and  abasia  (inability  to  walk) ;  forced 
movements  of  various  kiiids;  retention  of  urine. 

(d)  HyMerie  Oonfraduree. — These  are  due  to  central 
irritation  of  a  purely  fuuctioual  character.  The  greatest 
variety  of  contractures,  either  of  the  flexors  or  of  the 
extensors,  is  observed,  involving  either  the  head  or  the 
extremities, 

2.  Hysteric  Attacks. — Central  irritative  phenomena, 
manifesting  themselves  in  a  great  variety  of  diETerent  forma 
and  combinatioiifiand  occurring  either  s|x»ntaneouBly  or  as 
the  result  of  a  kind  of  reflex  excitation  (fright,  emotion, 
sensation,  etc.).  Clonic  and  tonic  convulsions  of  the  ex- 
tremities and  of  the  trunk  follow  each  other  in  rapid 
succession.  There  is  gasping  respiration  or  dyspnea ; 
consciousness  is  rarely  affected  to  any  marked  degree, 
although  the  patient  does  not  remember  anvthiiig  atmut 
the  attacks  (amnesia).  During  the  convulsions  the  patient 
may  assume  a  number  of  grotesque  attitudes  in  rapid 
succession  (clownism,  "arc  de  ecrc/p"),  while  the  limbs 
execute  the  most  peculiar  movements  (grand  hysteria). 
Trismus,  clioking  fits,  and  hysteric  attacks  of  laughing 
and  weeping  may  \k  more  or  less  pronounced.  During 
the  attacks  thf  patient  often  has  pleasant  or  unpleasant 
hallucinations,  which  impel  her  to  slmut  or  call  names  or 
to  gesticulate  wildly  and  make  faces. 

Coma,  such  as  is  observeil  in  epileptic  attacks,  never 
occurs ;  the  reflexes  are  preserved.  In  ordinary  attacks 
the  patient  can  be  n>used  by  sprinkling  the  fare  with 
water,  and  even  if  tlie  attack  is  severe,  a  painful  prick 
in  the  sole  of  the  foot  with  a  needle  will  almost  always 
enffice  to  rouse  her. 

Characteristic  features  of  hysteric  uttaeki  are  the  exag- 


HYSTERIA.  161 

gerated  effect  and  changeable  nature  of  the  wmvulsions 
and  the  fiict  that  tlie  attacks  can  be  induced  and  prevented 
by  apjiriipi-iately  influencing  the  patient  by  siiggefftinn. 

A  nurnl:>er  of  discascH,  some  uf  vvliich  ai-e  known  by 
[icparate  names,  are  included  in  the  category  of  /laifchogenic 
condltioiw:  Akinesia  algera,  or  pain  on  motion,  without 
any  recognizable  cause,  and  hence  inability  to  move  a  part ; 
chorea  electrica,  or  forced  spasmodic  movements  of  the 
body  ;  paramyoclonus  multiplex,  clonic  muscular  contrac- 
tions occurring  alternately  iu  various  parts  of  the  body 
(biceps,  quiidricf|>K,  supinator  longus,  trapezius,  etc.) ; 
astasia  and  abasia  {7.  v.). 

The  diagnosis  can  be  arrived  at  only  by  keeping  the 
entire  clinical  picture  of  hysteria  in  mind — a  single  8ymi>- 
tom  docs  not  suffice ;  by  a  careful  examination  the  presence 
of  stigmatii  and  the  occurrence  of  attacks  can  usually  be 
discovered.  It  is  not  always  iiossible  to  distinguish  hys- 
teria from  neurasthenia,  but  in  most  cases  some  one  symp- 
tom will  decide  between  the  two  conditions.  In  severer 
forms  psychicdisturbancea  may  be  more  pronounced  (moral 
defects). 

Treatment. — The  treatment  for  the  most  part  must  be 
psychic ;  the  patient  should  be  encouraged  to  follow  some 
regular  occupation.  An  attempt  should  bo  made  to  re- 
store her  confidence  in  her  own  will  power ;  if  possible, 
she  should  l)e  removed  to  an  institution,  where  she  will 
be  away  from  nervous  and  overanxious  memlwrs  of  her 
family.  The  attacks  should  be  made  light  of;  the  diet, 
of  course,  should  be  regulated,  and  baths  and  douches 
should  be  ordered.  In  some  cases  iron  and  hromid  are 
indicated,  but  their  usefulness  hears  no  proportion  to  that 
of  the  moral  treatment.     Morphin  should  never  be  given. 

Hypnotic  treatment,  aa  a  rule,  only  ropioves  individual 
symptoms  and  rarely  brings  about  complete  cure  of  the 
malady.  In  many  cases  it  is  the  means  of  bringing  new 
symptoms  into  existence.  It  is  much  better  to  depend  on 
a  ratioual  and  not  directly  hypnotic,  but  merely  psychic, 


162  SPECIAL    PATHOLOGY  AND    TREATMENT. 

Biig^estinii.  (Slight  deccptiuiiH  are  permissible  and,  indeed, 
very  useful — so-called  suggestions  during  tlie  waking 
state.) 

4.  Traumatic  Neuroses. — Tlie  oaaes  beloug  in  part  to 
lieu rasthen ill,  m  jKirt  to  liypochondria  and  hysteria.  They 
have  this  in  common  that  they  are  produced  \>y  some 
psychic  or  physical  injun.-,  usually  in  patient^i  predisposed 
by  heredity  or  alcoholism. 

In  view  of  the  possibility  of  exploiting  the  disease  us  u 
means  of  revenue  from  awi dent- insurance  jjolicies,  {>atients 
of  this  kind  are  very  difficult  to  treat.  It  is  often  ex- 
ceedingly difficult  to  draw  the  line  between  intentional 
exaggeration  and  morbid  psj-chic  inhibition.  For  thera- 
peutic reasons  it  is  well  to  be  guarded  at  first  in  determin- 
ing the  degree  of  disability.  A  definite  opinion  should  be 
given  only  in  exceptional  oases;  as  a  rule,  it  should  be 
withheld  until  the  patient  has  been  examined  repeatedly. 
In  this  class  belong  the  neuroses  after  railway  accidents — 
railway  spines  and  other  conditions. 

For  the  treatment  see  under  Neurasthenia  and  Hys- 
teria, 

5.  Hemlcrania  and  Migraine. — This  consists  in  peri- 
odic attacks  of  violent  headiiche,  confined  to  one  side  of  the 
head  and  associated  with  nausea  nod  vomiting.  It  may 
occur  by  itself,  but  is  more  frequently  associated  with  other 
nen'oiis  symptoms  and  ici  often  dependent  on  hereditary 
predisposition.  The  attacks  may  be  produced  by  reflex 
irritation  (diseases  of  the  nose,  stomach,  or  genitalia). 
The  frequency  and  duration  of  the  attiicks  are  subject  to 
wide  variations.  The  attack  may  l>e  preceded  or  accom- 
panied by  visual  disturbances,  such  a-<  flashes,  scotomata, 
diminution  in  the  visual  field.  Hypemcidity  is  often 
pre.«ent  (toxic  effect?). 

Treatment. — Carlsljad  or  other  baths,  iron,  arsenic,  and 
removal  of  the  exciting  cause.  Syniptoniatic.  Antinervin, 
iitrophen,antipynn,ca9ein,  or  combinations  uf  these  ;  mu»- 
^'  foot-baths  :  compresses  ;  rest.     Never  give  niorpbtn. 
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6.  Cephalalgia  (Habitual  Headache). — Headache  in 
frequently  only  a  [■(mconiitiint  symptuni  of  other  disease 
(fever,  circulatory  dit^turbaiice,  intoxicAtiotis,  tumors) ;  it 
may,  however,  in  nervous  iudividnab  constitute  the  most 
pnimiuent  symptom. 

I»  the  diagnosis  we  mui«t  exclude,  in  addition  to  the 
above-named  conditions,  disease  ot"  the  nasal  and  frontal 
cavities  and  diseases  of  the  eyes  (myopia,  asthenopia,  etc.). 

For  the  treatment,  antiuervin  ;   see  also  Neiirusthonia. 

7.  True  Epilepsy. — By  the  term  epilepsy  is  meant 
tiie  periodic  appL^aranco  of  the  ao-called  epileptic  convul- 
sions. True  epilepsy  is  to  he  distinguished  from  the 
symptomatic  form,  or  Jack^onian  epilepsy,  which  has  been 
referred  to  repeatedly  in  the  section  on  Focal  Diseases  of 
the  Brain. 

The  epileptic  attacks  are  thought  to  originate  in  tlie  cor- 
tex, particularly  in  the  central  convolutions ;  their  cortical 
origin  is,  however,  not  generally  admitte<].  The  attacks 
are  originally  excited  by  the  irritation  of  an  injured  spot 
in  the  cortex  (scar,  spicule  of  bone,  inflammatory  process) ; 
this  is  at  least  very  probable  in  the  symptomatic  form, 
and  is  supposed  to  be  the  case  also  intnieepilepsy.  From 
the  original  focus  the  irritation  is  transmitted,  thi-ough  the 
association  tract*,  to  neighboring  centers,  and  thus  pro- 
duces the  epileptic  convulsion, 

Tlie  etlotogic  factors  in  the  pnxluction  of  true  epile|isy 
iire  heredity,  traumatism,  and  infectious  diseases.  The 
disease  often  appears  in  childiiood^  and  may  ™ry  greatly 
in  respect  to  duration  and  intensity.  The  epileptic  attacks 
may  be  severe  or  mild  in  character  (j/rain/  mul — jit-lil  mn/) 
or  the  attack  may  take  the  form  ofastujwruus  condition. 

Attack. — A  typical  attack  begins  with  au  anra  (head- 
ache, nausea,  vertigo,  visual  and  auditory  sensations), 
which  is  immediately  followed  by  the  seizure.  The  patient 
falls  to  the  ground  unconscious,  and  is  thrown  into  a  tonic 
convulsion  affecting  chiefly  the  extensor  and,  to  dome 
extent,  the  flexor  mitt^^f  the  entire  body.     All  the  re- 
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flpjces  ure  abolished,  and  the  pujtils  are  dilate<l.  After  a 
time  (about  half  a  minute)  this  condition  is  succeeded  by 
the  clonic  stage,  characterized  by  violent  forced  contrac- 
tiona  of  the  extremities  and  muscles  in  other  i«rts  of  the 
body.  Tlie  }iatient  bites  his  tougni-  and  fnums  at  the  inoutli. 

After  a  few  minutes  the  foree  of  the  convulsion  spends 
itself,  and  thf  patient  fulls  into  a  comatose  condition,  from 
which  he  awakes  after  a  variable  interval  of  time.  Head- 
ache, nausea,  an<l  fatigue  may  persist  for  some  time  after 
the  attack.  The  [lalient  does  not  remember  anything  that 
occurs  during  the  attack.  In  the  milder  attacks  the 
tonic  ami  clonic  stages  are  not  so  well  marked,  and  in  the 
equivalents  there  is,  instead  of  an  attack,  a  momentary 
dazed  condition  ("  Dammerzustaud  "1,  which  may  be 
accompanied  by  maniacal  seizure)^,  delirium,  and  halluci- 
nations. The  attacks  fX'cur  most  frequently  during  the 
night  (epilepsia  noctunia).  When  they  otxiur  with  great 
frequency,  the  condition  is  not  without  danger  and  is 
known  as  Cial  de  nml  (status  epilepticns).  In  some,  but 
not  by  any  means  in  all,  cu-ses  the  attacks,  if  they  persist 
for  a  number  of  years,  eventually  lead  to  a  psychic  d^eii- 
eration. 

In  the  diagnosis  we  nnist  exclude  hysteric  attacks  (q. 
v.),  Jacksonian  epilepsy  (KkwI  symptoms  during  the  inter- 
vals of  attack),  uremic  attacks  (examination  of  urine), 
simulation  (reflexes  not  nlmli'^lu'd — prick  the  patient  in  the 
sole  of  the  foot),  and  attacks  i>f  paralytic  dementia  (his- 
tory, attacks  are  of  longer  dur.ilinn). 

Treatment. — Potassium  hri'tiiid  (one  to  fmirdnims  per 
difml  ;  opium.  11  to  15  gniiii>  per  di^m,  given  8iime  time 
hcfori',  is  often  of  service  n*ln>n  the  a(t;ii'ks  are  frcqucnL 
Cold  b:itlis.  No  alcohol.  Vrgeliible  diet.  If  the  focai 
symptoms  arc  very  mark<-d,  ojierative  interference  may  be 
considered. 

8.  Eclampsia  InfaDtum. — During  the  first  years  of 
general  lonvubions  may  make  their appi-arance  in  the 
of  a  great  variety  of  diseases  (gastro-intcstinal  dis- 
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eases,  dentition,  fever,  rickets).  Their  occurrence  is  ex- 
plained bv  deficiency  of  tlie  reflex  inhibitory  apparatus 
in  the  infiintilc  oervoua  system. 

The  Goiivnkions  consist  in  nitcrnute  luuic  and  clonic 
contractions  of  tlio  entire  body.  Tlie  children  often  cry 
out  convulsively.  In  rare  cases  the  condition  is  hitcr  fol- 
loweii  by  epilepsy. 

Diagnosis. — Kxchide  tnliercidar  ineiiingitis(bas!il  syni|>- 

Treatment. — Cori-ect  the  priraary  ctjnditiou  (worms,  im- 
pmpc-r  fcwliujr)  ;  jMick  with  wet  cloths;  cutaneous  irrita- 
tion ;  doiichi's;  ci)td  sjMmging. 

9.  Chorea  Minor  {St.  Vitus'  Dance;  Sydenham's 
Chorea).— 'rin-  i>  :>  disease  ol'  ynulh.  Xutliiiii:  is  known 
eitiior.irii^nri<.'iii  nr  ol' ils  seal  ('■octi'X  ",'  optic  ihalaiims?) ; 
it  is  ui^ually  thought  to  l>c  of  iiifictious  origin.  Its  fre- 
quent occurrenee  in  acute  rheumatic  polyarthritis  and 
rheumatic  endocarditis  is,  to  say  the  least,  su^estive.  It 
not  infrequently  occurs  during  pr^nancy,  when  it  is  likely 
to  be  unusually  violent. 

Course. — The  chorea  consists  iu  involuntary,  incessant, 
and  irrepidar  movements  of  the  fingers,  hands,  arms,  legs, 
head,  facial  muscles,  etc.  All  the  muscles  that  are  usu- 
ally under  the  control  of  the  will  exhibit  a  constant  rest- 
lessness, so  that  it  is  impossible  for  the  child  to  maintain 
the  bo<ly  or  the  extremities  in  the  same  [wsition  for  any 
length  of  lime. 

The  symptoms  in  individual  cases  vary  from  scarcely 
perceptible  choreic  movements  of  the  fingers,  otten  mis- 
taken for  wilful  misbehavior  iu  the  school-ronni,  to  pro- 
nounced muscular  mania  {JoUe  munculaire).  In  severe 
cases  of  this  kind  the  child  may  be  unable  to  s{>Gak,  walk, 
or  eat.  Chorea  is  sometimes  imilatcral  (hemichorea,  also 
called  transitory  hemiparesis).  The  restlessness  disappears 
during  the  night.  The  disease  may  last  from  a  few  mouths 
to  several  years  ;  relapses  are  common  ;  in  the  end,  how- 
ever, almost  all  cases  r 
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Treatment. — Arsenic,  antipyrin  (eight  to  sixteen  grains 
three  times  a  day),  salnl,  massago,  diet.  The  child  should 
be  kept  out  of  schcot. 

10.  Chronic  Hereditary  Chorea  (Huntingdon's 
Chorea).— *Ti  I  is  is  an  eiitii'ely  difl'ereiit  dieetise  from  irhorea 
minor.  Its  true  nature  is  still  iitikiiowii.  It  occurs  laler 
in  lite  in  individuals  i>rMlisp()W(l  by  heredity,  nndb  char- 
acterized by  motor  irritative  phenomena  aud  isolated  con- 
tractions, which  in  the  course  of  years  increase  in  extent 
and  intensity.  Pari  ptaeit  there  is  progressive  decay  of 
the  mental  faculties.  As  far  as  known,  reciiverj-  has  never 
occurred. 

11.  Paralysis  Agitans (Parkinson's  Disease). — The 
disease  usually  makes  its  a] ipwu-iun'e  iu  advancetl  age. 
Nothing  is  known  of  itii  nimu-c.  It  is  supposed  to  Ite 
caused  by  emotions  and  mental  worry. 

The  affection  begiuH  with  «  peculiar  slow,  rhytlimic 
tremor  (five  to  six  beats  a  minute)  of  the  arm  and  hands, 
similar  to  the  motion  made  iu  rolling  pills.  The  tremor 
persists  when  the  patient  is  at  rest.  It  is  a^ravated  by 
excitement.  As  tlie  years  go  on  the  tremors  beotimc  more 
extensive.  All  the  extremities,  the  head,  and  the  lips 
become  involved,  aud  the  patient  assumes  a  characteristic 
attitude,  with  the  head  bent  forward,  the  back  bowed,  and 
the  arms  slightly  flexed  at  the  elboww.  During  sleep  the 
tremors  usually  subside.  Eventually  paralytic  symptoms 
make  their  appianuicc.     The  disease  is  incurable 

Treatment. — Rest,  good  food,  bromids. 

12.  Congenital  Myotonia  (Thomsen's  Disease). — 
This  is  a  rare  ati'eclion,  hereditary-  in  character.  All  the 
voluntary  movements,  especially  wnlkinjj,  are  impeded  by 
spastic  coutraclious,  occurring  spontaneously.  The  rigid- 
ity of  the  muscles  is  increased  by  mental  emotion  (resem- 
bles stammering). 

Treatment. — 'Baths  ;  gymnastic  exercise. 

13.  Idiopathic  Tremor. — A  tremor  is  not  infrequently 
irved  in  the  head  and  extremities  in  healthy  individuals 
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witii  )ii'ili:ips  u  slight  neurasthenic  taint.     The  condition 

isi  iKil  nirHv  htreditary  and  ie  u^gravatcd  by  excitement. 

Treatment. — See  Xvunuitiienia.     The  extremities  may 

be  tied  last  ;  massage. 

III.    DISEASES  OF  THE  SPINAL  CORD. 


Diseases  of  the  Spinal  Meninges. 

Disease  of  the  spinal  meninges  is  usually  asftociated  with 
inflamniator\'  pnM-esses  in  the  cerebral  portion  of  these 
structures  ;  it  is  rarely  i.solated.  The  meningi's  are  in- 
volved most  frequently  in  cerebrospinal  meningitis  and  in 
purulent  meningitis ;  more  rarely  tliey  are  the  seat  of 
tubercular  lesions.  The  anatomic  changes  are  the  same  as 
in  the  cerebnjm. 

The  clinical  symptoms  are  often  quite  overshadowed  by 
those  whieb  are  due  to  the  cerebral  condition.  The  fol- 
lowing symptoms  are  thought  to  be  due  to  irritation  of  the 
spinal  roots  (reflex  through  the  posterior  or  direct  from 
the  anterior?);  Rigidity  of  the  nuchal  muscles  (roots  of 
the  upper  portion  of  the  cer\ical  enlargement),  opisthotonos 
(tborucic  portion),  hyperalgesia  (radiatjng  pains),  paralysis 
of  the  bladder.  The  spinal  origin  of  these  symptoms  is 
not  quite  definitely  settled.  In  many  instances  it  is  not 
jKwsihle  to  excludi'  the  influence  of  cerebral  dit^«se. 
Among  tiie  idiopiithic  fiirins  we  have  : 

I.  Hypertrophic  Cervical  Pachymeningitis. — This 
eouaists  in  a  marked  inflammatory  thickening  of  the  dura, 
especially  in  the  region  of  the  cervical  cord,  forming  adhe- 
sions with  the  pia-araclmoid,  and  leading  to  compression 
of  the  cervical  nerve-rfxits  and  eord.  The  cause  is  un- 
known (nypbilis?). 

The  symptoms  are  those  of  a  focal  disease  in  the 
cervical  enlargement  (see  Part  IV,  3),  the  Kymptoms  of 
irritation  of  the  nerve-roots  being  particularly  marked  ; 
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Violent  neuralgic  pains  in  the  back  of  the  neck  ant]  ««!«- 
lar  region,  paralysis,  and  muscular  atrophy,  most  pro- 
nounced in  t^e  muscles  supplied  bv  the  ulnar  and  median 
nerves — i.  c,  the  small  muscles  of  the  hand  ami  the  flexor 
muscles.  The  contraction  of  the  antagonistic  groups  of 
mdial  muscles  produces  the  so-called  •preachcr'n  hniui.  In 
rare  cases  the  gait  is  spastic  and  the  bladder  function  is 
impaired.      Impmveracnt  is  possible. 

Treatment. — Antisypliilitic.   Ek-ctricity.  Symptomatic. 
Cauterization  of  the  biujk  of  tlip  nw:k. 

3,  Syphilitic  Spinal  Meningomyelitis. — The  soft 
membranes  of  the  spinal  cord  bi'conie  the  scat  of  siipor- 
dcial  gummatous  neoplasms, 
seen  with  the  naked  eye  as 
11  thick,  jelly-like  "deposit, 
similar  in  appi'arance  to 
those  seen  in  brain  syphilis, 
with  which  the  disease  may 
or  may  not  Iw  associated. 
These  deposits  may  cora- 
pre.-!s  the  spinal  cord  by  sur- 
rounding it  in  its  entire 
circumference,  as  seen  in 
Figure  27,  or  they  may 
extend  into  the  cord  sub- 
stance. The  disease  attacks  most  frequently  the  tLor- 
acic  portion  of  the  cord.  The  arteries  exhibit  the  same 
changes  as  in  syphilitic  endarteritis  in  the  cerebrum.  The 
neopliusm  extends  into  the  nerve-roots,  and  in  some  cases 
true  gummatous  tumors  are  obserN'cd.  According  as  one 
or  the  other  feature  is  most  marked  the  disease  i«  desig- 
nated as  syphilitic  meningomyelitis,  meningoneuritis,  or 
ra  eni  n  go-a  r(  e  ri  ti  s. 

The  symptoms  are  due  either  to  compression  or  directly 
to  the  diseased  condition  of  the  ner\-ous  elements,  and  vary 
both  in  extent  and  intensity,  according  to  the  nature  and 
".ty  of  the  primary  disease:  Violent  paroxysms 
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pain  ;  spastic  paraparesis  of  the  legs,  not  infrequently  more 
pronounced  on  one  eide,  thus  pitinliiig  to  a  unilateral 
lesion,  with  exaggerated  tendon  reflex  ;  vesical  and  rectal 
diaturbaiices  (retention)  and  sliglit  senKory  disturbances 
(paresthesia). 

Diagnosis. — The  intermitteuce  of  the  symptoms  and 
the  occurrence  of  temporary  impi-ovement,  followed  by 
relapses,  are  characteristic  of  the  disease.  In  (some  cases 
the  presence  of  brain  symptoms  may  assist  the  diagnoHis 
(basal  palsies).  The  essential  ]K)iiit  \a  the  diagnosis  is  the 
demonstmtiou  of  a  previous  infection.  A  »pecial  form  of 
this  disease  is  Erb'a  syphilitic  spinal  paralysis.  This  is 
characterized  by  the  gradual  development  of  spastic  paresis 
in  the  legs,  with  slight  muscular  spasms,  increased  reflexes, 
mild  sensory  disturbances,  and  the  absence  of  ataxia  and  of 
pupillary  anomalies. 

Treatment. — Antisyphilitic  treatment  is  indicat4>d  wheu 
there  is  the  slightest  suspicion  of  syphilis — inunctions,  in- 
jections, potassium  iodid.  If,  as  is  frequently  the  case, 
degenerative  processes  have  already  made  their  appear- 
ance, partial  improvement  is  all  that  can  be  expet-ted, 
and  ihe  treatment  is  then  merely  symptomatic — baths, 
etc. 

3.  Compression  of  the  Spinal  Cord  (Compression 
Myelitis!. — -Vlth.iugh  this  may  be  due  to  a  varii'ty  of  pro- 
WBSes,  it  seems  advisable  to  diHCues  it  in  this  wmnectiou. 
In  many  cases  the  most  definite  diagnosis  that  can  be  made 
is  that  of  the  existence  of  compression  from  some  tmknown 
cause. 

Compression  of  the  spinal  cord  may  be  due  to  : 

1.  Diseases  of  the  bone — caries  of  the  vertebne,  com- 
pression by  a  purulent  focus,  exuberant  graimlalions 
pressing  on  the  meninges  (tubercular  meningitis),  seques- 
tra, fractures  of  the  bone  due  to  angnlution  of  the  vertebral 
column,  carcinoma  bi^inning  in  the  vertebra,  and  trau- 
matic fractures  and  luxations  of  the  vertebral  column. 

2.  Diseases  of    '       leninge- — |iac  by  meningitis,  ay%  I 
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litic  meningitis,  tubercular  meningitis,  sarcomu,  lipoma, 
fibroma,  echiuococcus, 

3.  DiseaeeH  of  the  spinal  conl — glioma,  sarcoma,  gumma, 
tubercle. 

By  fur  the  iiMwt  ewuimon  catiaes  of  compression  are 
caries  and  curcinoma.  As  a  I'cijult  of  the  cumpreseion  the 
integrity  of  the  iierve-filxtrM  and  nerve-cells  which  make 
up  the  corrospoudiug  segment  is  seriously  impaired.  The 
first  efieet  is  edema  in  the  segnient  pressed  upon  (obstruc- 
tion of  the  lymph-channels)  ;  during  this  stage  there  is  a 
possibility  of  regeueraliiin.  If,  however,  the  pressure  con- 
tinues and  increases  in  intensity,  the  ner\'ous  elements 
become  swollen  and  soften  and  are  finally  completely 
destroyetl.  In  most  eases,  therefore,  there  is  no  true 
myelitis. 

Course. — The  most  important  syinploms  of  compression 
arc  till!  violent  radiating  pains,  due  probably  to  irritation 
of  the-  nerve-rools,  which  frequently  follow  the  dislribution 
of  the  (wripheral  nerves  (neuralgic  form),  and  either  sur- 
round the  trunk  like  a  girdle,  ginlle  pains,  or  radiate  into 
the  extremities.  They  frequently  produiw  reflex  con- 
tractions in  the  muscles  of  the  extremities,  as  these  are  no 
longer  uuder  the  control  of  the  will.  Hyperesthesia  and 
paresthesia  may  also  be  produced.  Tlie  rigidity  in  the 
muscles  of  the  back  of  the  neck  and  back  must  also  be 
attrilnited  to  irritation  of  the  nerve-roots.  The  remaining 
symptoms  vary  according  as  the  lesion  is  situated  in  the 
cervical,  thoracic,  liimUir,  or  sacral  iKirtion  of  the  cord  or 
in  the  cundu  equina.  (See  Part  lY,  3.)  They  consist, 
therefore,  of  palsies,  either  spastic  or  flaccid,  muscular 
atrophies,  and  disturbances  of  the  bladder  and  of  seusibil- 
ity.  The  compression  usually  affects  the  thoracic  portion 
of  the  cord  (s|>astic  paraplegia  of  the  legs,  disturljances  of 
the  bladcier  and  of  sensation ;  the  arms  escape).  Death 
is  caused  by  the  primarj-  disease,  cystitis,  asthenia,  or 
decubitus. 

Diagnosis. — The  existence  of  compression    must  first 
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be  diagnosticated  and  then  its  level  (see  Part  IV,  3),  and 
to  do  tins  it  is  best  to  proceetl  in  the  following  manner  : 

First  determine  which  extremities  are  paralyzed — if  the 
1^8  alone,  investigate  the  condition  of  tJie  knee-jerk. 
If  this  is  lost,  the  lesion  is  usually  situated  in  the  lumbar 
enUi^enicnt,  or  possibly  in  the  nerve-roots  conUiiued  in 
the  Cauda  oquina  (?)^  if  fibers  of  the  sciatic  only  are  com- 
pressed, the  patellar  reflex  is  preserved.  If  the  knee- 
jerk  is  exaggerated,  the  lesion  must  be  situat^Mj  above  the 
reflex  arc — that  is,  either  in  the  thnraeie  or  in  the  cervical 
portion  of  the  cord. 

If  the  arniri  are  free  from  symptoms,  eBi>ecijdly  if  the 
muscles  of  the  hands  are  not  atrophied,  the  lesion  is  situ- 
ated in  the  thoracic  portion  of  the  cord. 

Tumors  in  the  cauda  equina  produce  deep  sacral  jniin, 
at  first  often  mistaken  for  sciatica,  vesical  and  rectal  par- 
alysid,  disturbances  in  erection  and  ejaculation,  jtarapiegia 
dolorosa  inferior,  muscular  atrophies,  anesthesia  of  the 
l^s  (especially  the  posterior  sur&ce),  of  the  anal  n^ioD, 
and  of  the  scrotum  ;  decubitus.  The  lesion  may  be  more 
accurately  located  by  noting  which  muscles  are  atrophied 
(RD),  as  shown  in  Figure  17,  and  by  noting  the  level 
at  which  the  sensory  disturbance  begius.  Usually  the 
lesion  is  located  too  low,  because  we  are  not  as  yet  suf- 
Hciently  informed  as  to  the  exact  localization  in  the  indi- 
vidual segments.  Tumors  espci.^ially  are  usually  found 
to  be  situated  two  or  three  segments  higher  tlian  would 
appear  to  be  indicated  by  the  level  of  the  hiphe.«t  sensory 
disturbance. 

After  the  level  of  the  lesion  has  been  determined  as 
accurately  as  possible  by  a  process  nf  exclusion  fnim 
below  upivard,  and  from  alwve  downward,  we  determine, 
by  means  of  Plate  27,  which  spinal  process  or  processes 
corresjiond  to  the  level  found.  The  vertebral  column  is 
then  examined  with  sjiecial  care  hi  this  region,  especially 
in  regard  m  its  mobility. 

In  determining  the  naturo  oC  the  compressing  process 
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the  following  pupsi  hi  lilies  niiiht  Im?  taken  into  wjiisidera- 
tioii ; 

Carles. — Age ;  changes  in  the  vertebnil  column  (acute- 
angled  kyphosis) ;  tenderness  on  pressure ;  deep  abscesses ; 
fever  (cystitis  being  excluded);  tulierculosis  iu  other  parte 
of  the  body  ;  long  duiution. 

Gtiviiioma. — Advanced  age  ;  cachexia  ;  metaslxujis,  rapid 
course ;  mo^t  intense  pain. 

Glioma  MeduUare. — Slow  developmcut,  the  symptoms 
at  lirst  unilateral. 

Even  after  the  moat  careful  study  it  is  not  infrequeutty 
impossible  to  arrive  at  a  definite  diagnosis ;  compression 
may  be  absent,  even  in  spite  of  tlie  most  pronounced  symp- 

Treatment. — In  caries,  estenaion  and  plaster-of-Paris 
jacket;  arsenic  (operative  (?) :  ivsection  of  the  vertebral 
arches).  In  tumors,  surgical  treatment.  Tumors  iu  the 
Cauda  equina  give  tlie  best  prospects  of  success.  (See 
General  Treatment.)  In  moyt  cases  the  treatment  is 
symptomatic — cieanliness,  care  of  the  skin,  eutheterization, 
morpliiri, 

4.  Acute  and  Chronic  Myelitis. — A  number  of  affec- 
tions differing  Iwth  in  their  etiology  and  morbid  anatomy 
arc  included  under  the  term  myelitis. 

They  are  all  cliaracterized  by  a  diffuse  circumscribed  or 
cylindric  degeneration  of  nerve-fibers  and  cells  contained 
in  a  certain  region  of  the  spinal  cord,  by  the  formation  of 
neurogliar  tissue,  and  by  more  or  less  round-celled  infil- 
tration and  alteration  of  the  pia-arachnoid.  They  are 
usually  of  toxic  origin,  and  follow  in  the  wake  of  infectioua 
diseases  (typhoid,  influeuza,  gonorrhea,  er^'sipelas,  syphilis, 
etc.) ;  some  forms  are  due  to  direct  infection. 

They  are  classified,  according  to  their  clinical  course, 

into  acute,  lasting  several  weeks ;  subacute,  lasting  two  or 

three  months ;  and  chronic  forms.     The  commonest  seat 

of  myelitis  is  the  thoracic  ]H)rtion  of  the  cord.     The  most 

k  frequent  form  is  that  due  to  syphilitic  infection. 
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The  symptoms  varj-  greatly  according  to  thf  seat  of 
the  disea«'.     (See  Part  IV,  3.) 

Thoracic  myelitis,  the  most  frequent  form,  \>i  character- 
ized by  spastic  paraplegia  of  the  legs,  without  very  marked 
paroxysms  of  pain,  although  sucli  may  h':  piTsent;  dis- 
turbances of  sensation  and  of  the  bladder ;  paresthesia  and 
ataxic  conditions  in  the  legs. 

In  lumbar  myelitis  we  have  flaccid  paraplegia  of  the 
legs,  loss  of  reflexes,  paralysis  of  the  bladder,  ete. 

lu  cervical  myelitis  there  are  spastic  paraplegia  of  the 
lege,  atrophy  of  the  muscles  of  the  anus,  etc. 

Decubitus  and  cystitis  frequently  mark  the  beginning  of 
the  end. 

This  disease  must  be  differentiated  from  compression 
myelitis  {q.  v.)  and  combined  system  diseai^es  (slow  course). 

The  method  of  determining  the  level  of  the  lesion 
and  the  treatment  will  be  found  under  Compression 
Myelitis, 

If  syphilis  is  present,  inunctions  are  indicated.  As  tlie 
degenerative  process  has  already  begun,  the  treatment  is 
only  partially  successful. 

Among  «i>ecial  forms  should  be  mentioned  : 

(o)  Acnte  disseminated  mydUis  (the  sudden  appearan<* 
of  multiple  foci  of  degeneration  in  the  white  substance), 
which  is  a^in  subdivided  into  an  ataxic  and  a  iiaraplegic 
form.  The  ataxia  is  not  accompanied  by  nystiigmus,  Uius 
differentiating  the  disease  from  sclerosis.  Disturbance  of 
the  speech  and  psychic  disturbances  are  often  present. 
This  form  often  occurs  in  association  with  optic  neuritis, 
resembling  in  this  respect  multiple  sclerosis,  which  nins  a 
more  chronic  course.  The  condition  ia  then  termed  dis- 
seminated encephalomyelitis.  When  it  occurs  in  associa- 
tion with  multiple  neuritis,  we  speak  of  disseminated  neu- 
romyelitis. 

(6)  In  sewTt  anemias  numerous  foci  of  degeneration  are 
found,  especially  in  the  posterior  and  lateral  columns. 
The  condition   is   probably  secoodan,-  to  disease  of  the 


blood-vesaels,  as  are  also,  in  tutnu:  iiisituiices,  some  of  the 
above-men tiomil  forms. 

The  symptoms  sn-e  mild  ataxia  audsciison,-  dislnrbanees 
and  loi^s  of  jwitellar  reflex. 

5.  Syrit^omyelia. — This  term  is  applied  to  focal  dis- 
eases characterized  by  aboormal  cavity  lijrmations  in  the 
interior  of  the  white  substance.  The  loniliiion  may  be 
due  to  various  causes  ;  it  may  be  congenital  or  may  develop 
later  in  life  in  predisposed  iadt\'iduals  (hydromyelia).  It 
may  be  due  to  the  brea king-do wu  of  central  proliferations 
of  neurogliiir  tissue  (central  gliosis),  or  may  occur  from 
some  unknown  cause  after  trauma,  liemorrhages,  etc. 

The  excavations  may  include  the  emire  length  of  the 
spinal  cord,  and  may  eveu  extend  into  the  medulla  oblon- 
gata. The  favorite  seat  is  the  cervical  enlargement,  so  that 
the  principal  symptoms  are  those  produced  by  a  lesion  of 
tliis  portion  of  the  cord. 

The  cavity  usually  begins  in  the  vicinity  of  the  central 
canal,  and  leads  to  gradual  destnietion  of  the  central  gray 
substance  in  the  anterior  and  posterior  horns,  and  of  the 
nerve-fibers  and  ganglion  cells  situated  in  those  regions. 

The  individual  symptoms  taken  by  themselves  are  not 
characteristic,  but  taken  altogether  they  are  practically 
pathognomonic  of  syringomyelia.     They  are : 

1.  I'rogreeslve  iniifKular  atrcphi/  and  pai-ahfai«,  affecting 
chiefly  the  upper  extremities,  more  pronounced  on  one  side, 
sometimes  more  bilateral  in  character.  The  small  musclea 
of  the  hand  and  the  triceps  are  most  fretjuently  attacked ; 
the  atrophied  muscles  are  the  sejit  of  fibrillar  contractions 
and  give  the  reactions  of  degeneiations  (degenerative 
atropliy,  disease  of  the  peripheral  neuron  cells), 

2.  J}isiiirfianccs  of  sensation  in  the  arms,  esiiecially  anal- 
gesia and  thermo-anesthesin,  with  integrity  of  the  tactile 
sense  (dissociation  of  the  anesthesia). 

3.  Trophic  distvrbanfvs  in  the  fingers  and  joints,  such  as 
necrosis,  suppuration,  subluxations,  hypertrophies. 

la  addition  there  may  be  spastic  paraparesis  of  the  1^ 
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or  bulbar  BymptotOH  (parulysis  of  tlie  spinal  ai^cfssory, 
hypoglosstis,  etc.).  Atypical  cuses  resembling  labes,  spasdc 
spinal  paralysis,  etc.,  are  not  infrequently  observed. 

The  i)rooe88  is  slowly  progressive. 

Diagnosis. — Spinal  mnsciilar  atropjiy,  in  whic)i  sensa- 
tion is  noniiiil,  must  fjo  excluded.    Atypical  cases  are  very 

difiinill    tu    LVCHUllizf. 

Treatment. — Sviu))tiimatic  ;  cli^ctricity,  baths,  etc. 

6.  Hemorrhages  in  the  Central  Canal. — Hemorrhage 
may  bu  cither  cxtniuicdnllary  and  between  the  meninges 
(intramcningeal  apoplexies,  hematorrhachis),  or  in  Ihe  sub- 
stance of  the  spinal  cord  itself  (hematomyclia).  They  are 
usually  due  to  traumatism.  lu  intramcningeal  hemorrhage 
the  symptoms  are  similar  to  those  produced  by  spinal 
meningitis,  except  that  the  phenomenon  occnrs  suddenly 
after  trauma  (symptoms  of  irritation  of  the  roots,  para- 
plegia, disturbances  of  the  bladder  and  of  sensation). 

The  symptoms  of  hematomyclia  present  the  same  com- 
binations as  tljnse  in  syringomyelia  ;  the  localization  is  the 
same,  but  they  appear  suddenly  after  tranma  anti  vary 
somewhat  acconling  to  the  seat  and  extent  of  the  lesion. 
The  seat  of  the  hemorrhage  is  determined  by  the  princi- 
ples laid  down  on  page  171. 

The  condition  is  not  infrequently  improved  by  treat- 
ment, which  con.si.sts  of  rest  and,  later,  warm  baths. 

7-  Multiple  Cerebrospinal  Sclerosis  (Sclerose  en 
plaques). — Fm-al  sclerosis  is  a  disease  nf  the  iim-i  .■nlj:- 
matic  character.  It  is  chanict prized  liy  ihr  ;L|i[iriLr;inr(.'  nf 
a  numlwr  of  Bmall,  irregularly  scattered  liK:i  in  the  brain 
and  spinal  cord  (primarily  encephatitie  or  myelitic?),  with 
destruction  of  the  medullary  sheath  of  the  nerve-fibers 
situated  in  those  foci.  The  axis-cvlinder,  however,  per- 
sists and  continues  to  functionate  for  some  time  hmger,  so 
that  the  fibers  are  not  completely  destroyed.  The  disease 
frequently  occurs  in  young  subjects  in  the  wake  of  infec- 
tious diseases  (?), 

The  symptoms  are  progressive  and  develup  very  grad- 
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iially.  In  the  l>egiiitiiiig  the  patient  experiences  liiffiail 
in  perfonuing  certuin  nioveiiients.  There  are  weakness 
and  want  of  control  of  the  arms  and  legs,  tremors  ap- 
pear when  the  patient  hdies  hold  of  an  ohject  (intention 
tremor),  and  the  gait  l>ecomei>  t^liif  and  uncertfiin  (spastic 
and  at«xie). 

In  addition  nyHtagtnus,  seaniiin^  speech,  slight  vesical 
disturbances,  and  occasionally  optic  atrophy  develop. 
The  knee-jerks  are  esaggerated.  From  time  to  time  there 
are  apoplec'tiform  attacks ;  sensoiy  disturlwnces  are  iisn- 
ally  slight ;  ]Mirestlie!*ia  may  be  present. 

While  this  description  applies  to  typical  cases,  there 
arc  many  variations,  depending  on  the  site  of  the  focns,  and 
tJiese  forme»  J'niglen  (spnrions  forms)  of  multiple  sclerosis 
are  frequently  mistaken  for  other  diseases.  Many  of  the 
above-named  symptoms  may  be  absent.  In  some  cases 
ataxia  is  more  marked,  in  others  the  spastic  paralysis  of 
the  legs ;  a  third  group  is  characterized  by  the  presence 
of  bulbar  symptoms. 

Course. — The  course  of  the  disease  is  extremely  chronic 
and  occa.«ii>nally  inlernipted  by  tenip<iraiy  improvement. 
The  intelligence  may  eventually  be  affected. 

Diagnosis. — We  must  exclude  neurasthenia,  hysteria 
(occasional  presence  of  different  clinical  pictures),  para- 
lytic dementia  (pupils,  histoiy).  Other  diseases  of  the 
spinal  cord,  such  an  myelitis,  s)Histic  spinal  paralysis,  etc., 
can  not  silways  be  excluded  with  certainty. 

TreatmenL — GymniLstic  exercises,  massage,  bathg, 
symptomatic. 

B.   SYSTEM  DISEASES. 

For  a  description  nf  their  gi'ncral  characters  see  Part 
IV,  3,  page  104.  They  are  for  the  most  part  very  chronic, 
pnign'ssive,  and  incurable,  because  when  cells  and  fibers 
once  degenerate  in  the  brain  iinil  spinni  cord,  they  can 
never  recover. 

8.  Spastic  Spinal  Paralysis,— This  is  a  rare  dii 
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The  aiiutuiuic  busis  is  a.  AyraaKiirit:  primary  iJt^getienitiuD 
of  the  pyramidal  tniet  {central  motor  iieiirou  complex). 

Course. — The  disease  begins  in  adults  (childn-ii?)  with 
a  slowly  progressive  Gpastic  paralysis  of  the  legs,  arms, 
and  facial  muscles,  without  muscular  atrophy  or  distur- 
bance of  the  bladder  or  of  sensation.  The  knee-jerks  and 
ankle-clonus  are  exaggerated. 

There  are  also  other  forms  of  epastio  bilateral  palsies ; 
the  eerebra}  sptutio  paralym  of  children,  the  form  occurring 
in  multiple  gcferoxis,  hydrocephfdan,  myditia,  etc.  In  nio.'it, 
but  not  all,  of  these  cases  other  symptoms  are  superadded 
to  those  mentioned  above  (impure  cases). 

9.  Amyotrophic  Lateral  Sclerosis. — In  addition  to 
the  pyramidal  tract  the  iivit.ir  (■(.■]1>  in  the  anterior  horn 
(peripluTid  oMinin),  (.'-.pi'ri:illy  in  tti(;  liimltar  enlargement 
and  [Kissibly  also  iu  the  iii;rvL'  nuclei  of  the  bulb,  are  in- 
cluded in  the  morbid  process.     (See  Part  IV,  3.) 

Course. — The  disease  begins  in  adults  with  the  ap|»ear- 
ance  of  mn.*cnlar  weakness  and  atrophy  in  the  hands  (inter- 
ossei,  thenar  muscles),  Hccompanied  or  followed  later  by 
the  development  of  a  spastic  paretic  gait.  The  atrophy  of 
the  muscles  of  the  arm  slowly  progresses  (see  under  Spinal 
Muscular  Atrophy),  the  muscles  present  fibrillary  contrac- 
tions and  the  reactions  of  degeneration.  Eventually  the 
muscles  of  the  arm  and  shoulder  atmphy  completely.  The 
reflexes  are  preserved  or  even  exaggerated  ;  the  legs  are 
completely  paralyzetl  and  spastic;  the  knee-jerks  are  exag- 
gerates! ;  ankle-clonus  is  present ;  bladder  and  scnsatiou  are 
normal;  pain  is  present,  especially  in  the  muscles  of  the 
arm.  In  many  instances  the  symptoms  of  chronic  jtrogres- 
Hive  bulbar  paralysis  are  superadded  early  in  the  course  of 
the  diseiiso. 

Treatment. — Symptomatic  ;  electricity,  baths,  arsenic, 
strychnin,  feeihng  by  means  of  esophageal  tube. 

10.  Progressive  Spinal  Muscular  Atrophy. — In  this 
aft'ection  the  motor  ganglion  cells  iu  the  anterior  horn  of 
the  spinal  cord,  especially  in  the  cervical  eulargement,  are 

IS 
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deittroyed  by  a  slowly  progressive  degeneration.  The  pyr- 
amidal tract  is  not  involved.  Tlie  alterations  in  the  muscle 
consist  in  a  alow,  degcnirative  atrophy  of  llie  individual 
fibrils.  There  \6  an  increai^  in  the  iinmber  of  nuclei  in 
the  sheath  of  the  fibrils  and  tlie  pnituphisiu  shrinks, 
although  even  very  much  attenuated  til)ers  may  show  a 
distinct  transverse  striation.  Eventually  the  sheuth  disap- 
pears along  with  the  remains  of  tlic  protoplasm,  and 
nothing  remains  but  the  connective-tissue  portion  of  the 
fiber. 

Course. — ^The  clinical  symptoms  are  those  of  amyo- 
trophic liiteral  sclerosis  without  spastic  phenomena  :  A  very 
slowly  developing  and  gradually  extending  atrophy  and 
paralysis  of  the  small  muscles  of  the  hand  and  later  of  all 
the  nmscles  of  the  arm  mid  shoulder,  with  fihrillai^'  con- 
tractions and  tlie  reactions  of  degeneration  ;  tht-  logs  oA«n 
escape ;  sensation  and  bladder  function  are  not  affected. 
Duration,  one  to  several  years.  Owing  to  the  atrophy  of 
the  thenar  muscles  adduction  of  the  thumb  is  impossible — 
Simian  hand.  The  deltoid  muscle  often  atrophies  before 
the  other  muscles  of  the  arm  and  forearm.  Even  the 
nuchal  muscles  and  the  intercostals,  or  rarely  the  dia- 
phragm, may  be  involved.  Bidbar  paralysis  may  follow 
or  may  develop  simultaneously. 

Oiasnosis. —  See  under  ProjjVessive  Muscular  Dys- 
trophy. 

Treatment. — Sec  Amyotrophic  Lateral  Sclerosis. 

There  is  another  form  of  muscular  atrophy,  the  so-<aIled 
peroneal  type  of  progressive  muscular  atrophv.  This  form 
may  occur  in  several  members  of  the  same  family,  and  is 
characterized  by  atrophy  of  the  pemnei  and  tibialis  anticus, 
etc.,  in  addition  to  the  small  muscles  of  the  hand.  The 
condition  leads  to  iKiralytic  club-foot  and  jwroneal  gait,  in 
which  the  patient  raises  the  thighs  unusually  high,  while 
the  tip  of  the  foot  drags  on  the  ground.  The  patellar 
reflexes  are  abolished.  Slight  disturbances  of  sensibility 
present  in  tlie  toes  and  fingers.     The  atrophy  in  the 


PSOGnEHSllE  MUSCULAR  DYSTROPHY.  179 

muscles  of  the  amis  and  legs  gradually  increases.  Ana- 
tomically, we  find  degenerative  changes  in  the  peroneal, 
median,  and  tlicnar  Dcrves  and  in  tlic  lumbar  and  cervical 
enlargement,  where  the  cells  of  the  anterior  horn?  ai>]>car 
to  be  involved. 

II.  Progressive  Muscular  Dystrophy  (Primary 
Myopathy). — WlnthcT  this  disea.-ie  i>  ul'  sjiinal  origin  is 
still  iiii  i<|>i'ii  (^ui'.'-tLi'n,  as  np  to  tlie  iirescnt  lime  tlicclianges 
found  lmv(.>  ici^n  confined  to  the  muscles.  It  is  to  be 
reganlcd  as  the  last  link  in  tlie  cliain  of  motor  system 
diseases. 

The  mnscle-fibera  undergo  an  extremely  gradual,  uoii- 
degeuerative  atrophy.  The  individual  filiers  slirink  and 
eventually  disap]>ear ;  the  transverse  striations  pei'sist  for 
a  long  time  ;  the  muscular  nuclei  become  raultipliL'd,  fat  ie 
deposited  between  the  fibers,  and  hypertrophic  liliers  are 
not  uncommon.  Their  thickness  mcaKures  from  150  to 
200  II.  The  disease  is  often  hereditary'  and  makes  its 
appearance  in  early  life.  The  atrophied  muscles  present 
the  plieuomenoD  of  simple  atrophy  only  ;  fibrillary  con- 
tractions and  tbe  reactions  of  degenemlion  are  absent ;  the 
atrophy  is  slowly  progressive.  Recovery  does  not  occur, 
but  the  process  is  sometimes  brought  to  a  standstill. 

Depending  on  the  period  when  the  disease  first  makes 
its  appearance,  various  forms  are  distinguished,  which  in 
their  subsefpient  course  merge  int<i  one  another.     They  are : 

(a)  Pseudohypertrophy. — Tliis  l«>gius  in  early  child- 
hood, with  weakness  in  the  mnscli's  of  liie  back,  gradually 
extending  to  the  liimliar  and  fenumil  muscles.  The  muscles 
show  no  alteratiiiu  in  sliupc.  They  iipjiear  rather  liyper- 
trophic  on  account  of  the  de]«h<iti(>ti  of  fat  (lipomalosis). 
The  children  are  unable  to  get  up  fiYjm  the  floor  without 
supporting  themselves  with  their  hands;  the  gait  Incomes 
waddling,  and  finally  walking  is  impossible,  i^ater  curva- 
ture of  the  spine  develo|>s  (lordosis). 

(b)  The  Infantile  Variety. — Tliis  begins  in  children, 
fi-equently  with  atmphy  and  paralysis  of  the  facial  muscles 
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(cxprtwtionlcw  muiilenunn;  —  "  fkcJcit  nivofiatliique  "). 
IjntiT  tlir  miiMjiilur  ntrnpliics  of  tht^  exlreiuities  belonging 
tfl  th«  next  fiirni  arc  Hiijxradded. 

(c)  Juvenile  Porm. — Tliirt  apiH-arit  during  i>r  after 
pulMTty,  W'f  liiHtiuguiMh  a  /•houlilw-girdle  tgjte,  affecting 
the  iK.t.'tijml  miiHclcB,  traiivziiia,  Imisaiiiiua  dorsi,  serratus 
anttciiM,  triwpB,  and  i»iiw|)«,  wliit-li  undergo  atrophy  in  the 
onlcr  imm<><).  Tlii<  ttiimll  mu:%lt«  nf  tliv  liaiid,  the  deltoid, 
and  lli«  Mti'rtKK^leidoma.stuid  c-acupi-  (the  o]){K>»it«  oondition 
obtuiurt  in  H|>iiial  iiiij.t<'iilar  utmphr).  The  other  is  a  pelvic 
girdle  li/pr,  in  wiiieli  tlie  qiimiriccps,  glutei,  and  pcronei 
are  afFwitod.  The  calf  iimscleH  esca[)e.  The  two  forms 
awrgv  into  one  miothcr  or  exist  side  by  side. 

Tile  diaKnosls  of  mtiscular  atropliics  requires  a  fatnili- 
arity  with  the  normal  confignration  of  the  extremities.  A 
praclirted  eye  will  reco^piize  at  the  first  glance  atrophy  of 
tlie  liimbrimh'S  hy  the  depression.^  between  the  first 
phidatiger',  of  the  ihcniir  und  hy|>othcnar  groups  by  ab- 
noniiiil  'lirnph'H,  of  the  |>GctoraI  muscles  by  dt-ep  depres- 
tiiiMi  licliiw  the  clavicle,  which  is  vcrj'  prominent,  of  the 
dclliiiil  liv  ll:iiii'tiiiig  of  (he  shoulder,  of  the  trapezius  by 
diminiitioii  in  the  Hizc  of  the  neck,  of  the  rhomboid 
niusclcH  by  the  presence  of  almomiid  depressions  where 
nornudly  elevations  should  exist,  of  tlie  qundriccpg  by  a 
fluttenlng  of  the  up|>er  Mirface  of  the  thighs,  or  of  the 
pcronei  by  the  ahsenoc  of  normal  prominence  outward 
tVom  the  crest  of  the  tibia,  etc. 

The  differential  diagnosis  between  the  individual  forma 
is  vcrj-  simple.  It  is  Iwised  purely  on  the  beginning  of 
the  disease. 

Treatment. — Symptomatic  and  orthopi'dic. 

13.  Anterior  Poliomyelitis. — The  inflamuuitory  dis- 
ciises  of  the  gray  sul>st:uiec  in  the  anterior  horn  of  the 
spinal  cord  are  eillier  aiiite  or  chmnic,  and  esert  their 
malign  influence  on  the  motor  giin^lion  wlU  siluiited  in 
region.  A(H!ordingly  they  Iciiit  to  dt^neralive  mu»- 
atrophies  and  paralyses. 
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(a)  Acute  Anterior  Poliomyelitis. — This  aOection 
makes  its  appenriiDcc  during  tlie  first  years  of  lifi;,  rarely 
in  adult  age,  aH  an  acute  iulbctious  disease,  the  bacterial 
origin  of  which  \s  unknown.  It  oianifeeta  itself  in  an 
in  flam  I  nation  of  the  aubstanre  nf  the  anterior  horns,  the 
inflammation  beginning  in  the  blorid-veesela.  The  disease 
is  ushfred  in  by  fever,  vomiting,  and  delirium.  This  is 
followed  by  intxlenitely  deep  coma,  lasting  several  days, 
after  which  the  patient  improves,  bnl  there  is  fonnii  to  he 


Fig.  2S. — Traoaiprsc  spclion  of  thL-  liiuihar  cnliuvcinent  in  aiit« 
rior  poliomj'elitis.  The  diHi'tiHeil  fuciu  is  rriwlil]'  neen  iu  the  aDt«rio 
bom,  wpeoially  in  the  iBltml  cell-groiiim.  TIil'  entire  right  half  o 
the  cord  is  shrnuken. 


a  tlaccid  paralysis  of  the  arms  and  legw  (rarely  of  the  face, 
eiii.)  and  of  the  bladder,  with  lose  of  reflexes,  but  without 
|Kiin  or  .sensory  diatnrbances.  Some  of  the  paralytic 
phenomena  disappear  after  a  time  ;  others  are  permanent, 
but  are  usually  cunfiiied  to  one  side.  The  affectwl  nHiscl<« 
undergo  a  rapi<l  dt^nerative  process. 

The  remains  of  this  disease  which  persist  in  later  life 
are  termed  m/aniife  gpmal  paraiysh.  Their  anatomic  basis 
consists  in  a  shrinking  of  the  affected  anterior  horn.    (See 
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Fig.  28,  anterior  horn  on  the  right  side.)  Contractun 
result  from  tlie  aption  of  the  antagonistic  maseles ;  th 
development  of  the  aifected  members  is  retarded. 

Tile  most  frequent  palsies  that  result  are  paralvsis  a 
the  peronei  and  PKtcnsurs  (talipes  eqiiinovaras),  panilys! 
of  the  upper-arm  type  (deltoid,  bioeits,  hracliialis  anticoi 
supinator  lorigiis),  and  of  the  forearm  type  (trici'ps.  exteti 
sors  of  the  hand). 

Treatment. — In  the  beginning,  rest,  batiis,  leeohes  1 
the  back,  purgatives,  imd  sweat  cures;  later,  gymnusti 
exorcises  and  orthopedic  treatment. 

An  important  orthopedic  measure  eonsists  in  tnuu 
ferring  the  action  of  an  adjoining  sound  muscle  to  til 
tendon  of  the  paralyzed  muscle.  In  talipes  valgus  ih 
extensor  hnlhicis  is  sutured  to  the  tendon  of  tlie  tibiuli 
anticus;  in  talipes  varus  the  hallucis  i«  attached  to  tt 
extensor  digitorum  communis  ;  in  \ks  equinus  tlie  peronei 
and  dexor  digitorum  to  the  tcndu  Achilles,  etc.  Good  n 
suits  have  also  been  achi('^■e<l  by  dividing  the  muscles.  I 
the  forearm  the  tlicuar  and  radial  musclew  can  be  advan 
t^eously  utilized  (o  t-iipply  the  function  of  the  jiarulvH 
flexors  and  extensors  of  the  fingers. 

(b)  Chronic  Poliomyelitis. — So-called  rhran'w  atropfii 
npinal  jHiralyniit  is  a  rare  disease,  occurring  in  adults 
characterized  by  the  more  or  less  rapid  development  ol 
fluccid  paralysis,  first  in  tlie  lower,  and  later  in  the  appM 
extremity,  followed  by  degenerative  atrophy,  Therefl^cti 
arc  abolished  ;  sensation  and  bladder  function  are  nomml 
Many  muscles  may  escnpe;  imjirovement  is  possible. 

Diagnosis. — Lumltar  myelitis,  i»ensory  disturbancsi 
and  multiple  neuritis  (q,  r.)  must  he  excludctl. 

Treatment. — Hiiths,  eleolricity,  symptomatic. 

13.  Tabes  Dorsalis. — The  anatomic  basis  of  tabes  dor- 
salis  cdii-i.-r-  in  ii  rlinmic  progressive  degeneration  of  the 
peripliLTiil  xtwoiy  miiron  complex,  eBpcciuIly  of  the  lower 
extremities.  The  degeneration  affectP  most  extensive^ 
that  portion  of  the  neuron  complex  which  begins  i: 
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Spinal  ganglia,  enters  the  substance  of  the  HpiDul  cord 
tliroiigh  the  posterior  roots,  and  oontiiiiies  within  the  cord 
(the  long  tracts  in  the  posterior  columns  ;  the  short  troctti 
enter  the  posterior  horn?,  Clarke's  columns,  and  anterior 
horns  ;  see  p.  51).  The  ]>eriplieral  portions  of  the  neuron, 
consisting  of  the  sensory  cutaneous  nerves,  are,  however, 
attacked  by  degenerative  processes.  But  in  addition  to 
these  tracts  the  tabetic  process  frequently  attacks  other 
pathways,  both  sensory  (central)  and  motor  (peripheral  and 
central  neuron  complexes),  producing  combined  forma.  In 
typical  cases  certain  definite  reflex  arcs  (reflex  collaterals) 
— namely,  those  cimcerned  in  the  patellar  and  pupillary 
reflexes — are  first  destroyed.  It  is  not  as  yet  definitely 
known  at  what  point  the  disease  takes  its  origin.  (For 
further  details  of  the  morbid  anatomy  the  student  is 
referred  to  Plates  77  and  78.) 

As  has  been  stated,  the  peripheral  neuron  complex  of 
the  lower  extremities  is  most  frequently  attacked,  more 
rarely  that  of  the  upper  extremity  only  is  affected  (high 
tabes),  either  alone  or  in  combination  with  the  peripheral 
neuron  of  the  fifth  nerve,  especially  the  descending  root 
of  the  glossopharyngeal,  etc.  These  forms  are  all  to  be 
regarded  as  different  varieties  of  the  .'lame  disease. 

In  a  large  pro[>ortion  of  eases  a  former  syphilitic  in- 
fection is  shown  by  statistics  to  be  the  cause  of  the  degen- 
erative process. 

The  symptoms  develop  slowly  and  may  be  divided  into 
three  stages : 

1.  The  Neuralgic  Stage. — Tins  i^  characterized  by 
violent,  fulminating  attacks  of  pain,  with  occasional  exacei^ 
bations,  radiating  into  the  legs  (lanciuating  pains,  symp- 
toms of  irritation  of  the  posterior  routs?),  and  not  infre- 
quently by  paresthesias  and  painful,  n{ipresflive  sensations 
in  the  epigastric  region  (girdle  pain).  If  tlie  patient  pre- 
sents himself  at  this  time,  the  examiner,  as  a  rule,  finds 
the  two  symptoms,  which,  when  present  together,  are 
pathognomonic  of  tabes ;  they  are  : 
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1.  Refiex  pupUlarij  ngridtty,  or  failure  to  react  to  light 
with  accommodatiou  preserved;  contracted  pupil. 

S.  Loss  of  the  poit'Uar  rejtfx  (Wcstphal's  eign). 

2.  The  Ataxic  Stage. — This  may  make  its  appearance 
after  a  variable  interval  (sometimes  lasting  many  year«) 
lias  elapsed  since  the  appearance  of  the  tirt-t  symptoms. 
The    most   characteristic   ii>ature   is   the   tahetic   gait  or 


Fig.  29.— Oculomotor  noclpua  in  tabes  donmlis  (luednllsry  aheatta 
stain,  pliolfluniph,  mniinifiwi  SO  times):  F,  Piisl^rlor  lougitiidinal 
bundle;  H,  dorsi'i  '',  ventral,  r,  cpntral,  x,  Wf^tphftl's.  nucleuH,  which 
in  this  illustration  nppears  nnusunllj  pale,  onioK  to  a  marked  degoa- 
pmtion  o(  the  libers  iconuwtjMl  wilh  iow  n1  the  piipillnry  reflei?). 


atfixUi.  The  [wtient  throws  hi.s  feet  about  and  briugs 
them  to  the  grtinnd  with  a  titnmp  ;  the  gait  is  unwrtain, 
but  not  paretic.  The  atnsia  is  considerably  increased 
when  the  patient  closes  his  eyes  {Ronil>ern'f!  phenome- 
non). 

In  addition  ht  tlisturliiince!^  M'  the  bladder 
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function,  the  sensitiveness  to  painful  and  thermic  t«(intuti  is 
lilunteci,  and  optic  atrapliy  nuiy  make  its  appearance. 

3.  Paralytic  Stage. — Tlie  interval  between  this  and 
tlie  preceding  stage  is  also  variable.  The  ataxia  gnidually 
iucreasfs,  and  can  even  be  noticed  as  the  patient  moves 
about  in  bed,  the  gait  becomes  more  and  more  paretic- 
ataxic,  and  finally  nalking  becomes  impossible.  As  a 
rule,  there  is  never  a  true  paralysis. 

The  disturbaiRtes  of  r^ni^ation  anti  of  the  bladder  func- 
tion increase. 

The  lancinating  pains  an'  constantly  present  and  peri- 
odically culminate  in  the  so-called  tabetic  crises,  conaisting 
in  intensely  painful  attacks  of  colic,  vomiting,  cough,  and 
dyspnea  (alxloniiniil,  gastric,  laryngeal  crises,  etc.). 

EflVisions  into  the  joints,  arthropathies  (trophic?),  and 
ulcerations  {mal  peiforaid)  are  ciinimon.  Not  infrequently 
{taralysis  of  the  eye  muscles  and  of  the  trifacial  nerve  and 
hemicrania-like  conditions  oi^ur  early  in  the  disease. 

The  diagnosis  of  tabes  presents  no  difficulty  in  ordinar}' 
cases.  It  may,  however,  be  olscnred  by  an  atypical  mode 
of"  onset  and  by  the  absence  of  important  symptoms,  such 
as  the  pupillan'  reflex,  and  the  abolition  of  the  patellar 
reflex.  Alcoholic  and  dialietic  nenritis  and  hereditarj' 
ataxia  must  be  exclnded.  The  differential  diagnosis  from 
these  conditions  will  be  discussed  under  their  respective 
heads. 

Treatment. — The  value  of  antisyphilitic  treatment  ia 
doubtful.  Baths,  rest,  massage,  gynmastic  exercises  to 
Lorroct  the  muscular  I ncoordi nation,  attention  to  diet, 
electricity,  suspension  ;  nitrate  of  silver,  jM)ta-isiiim  itxlid, 
secale  cornutnni,  iintiriE'r\'in,  luiri.'Otics. 

14.  Hereditary  Ataxia  (Friedreich's  Disease). — 
This  is  a  combined  system  disease.  The  degeneration  in 
the  posterior  columns  of  the  spinal  cord  is  accompanied 
by  a  similar  process  in  the  direct  cerebellar  tract  and 
pyramidal  tract.  The  cerebellum  is  probably  also  in- 
volved.    The  disease  oflen  appears  in  families. 
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It  begins  id  eiirly  life,  with  a  gradually  tncr»ising  dia- 
turbauce  of  the  coordination  in  the  movements  and  attitude 
of  the  extremities,  trunk,  and  head  ;  ntaxia  of  tlie  legs 
and  arras — Romberg's  phenomenon.  The  incoordination 
manifests  itself  in  the  trunk,  both  on  motion  and  during 
rest,  aa  when  the  patient  is  seated.  The  gait  is  vucillatiug, 
resembling  the  eerobelliir  gait,  and  the  paresis  is  usimiIIj 
more  prominent  In  addition  there  are  nystagmtm,  slight 
disturbances  of  speech,  and  some  disturbance  of  sensibility 
and  of  the  bladder  function. 

Diagnosis. — Tlif  linee-jerk  is  alwlished,  but  the  pupil- 
lary reflex  is  normal — a  differential  pi>int  in  the  diagnosis 
from  tabes.  The  neuralgic  pains  of  talies  are  also  absent. 
The  disease  slowly  progres,ses  to  a  complete  paralysis ; 
contractures  in  the  fingers  are  common.  It  lasts  many 
years.     Recovery  \\i\^  never  lieeu  rejMirted. 

Treatment. — Syiupioniatic. 

Other  forms  of  combined  system  diseases  similar  to 
hereditary  ataxia  alsi}  occur,  presenting  in  the  main  the 
aymptoms  of  a  spastic  spinal  paralysis  with  some  distur- 
bance of  sensation  and  bladder  function,  combined  with 
ataxia.  This  class  includes  a  hereditary  form  of  spastic 
spinal  paralysis  affecting  the  pyramidal  tract,  posterior 
columns,  and  lateml  cerebellar  tract,  besides  otlier  varieties 
concerning  which  but  little  is  known. 


IV.  DISEASES  OF  THE  PERIPHERAL  NERVES. 

A.  DISEASES  OF  SINGLE  NERVES. 

A  great  variety  nf  causes  may  produce  lesions  of  the 
peripheral  nerves :  Traumatism,  tumors  of  uli  kinds 
(tumors  in  the  soft  parts,  small  exostoses  in  the  \xmy 
canals,  neuromata),  cicatricial  processes,  chemic  eltanges 
produced  by  the  formation  of  toxic  substances  during  the 
course  of,  or  subsequent  to,  acute  infectious  diseases  in 
which  individual  nerves  may  be  injured — toxic  neuritis. 
A  spontaneous  f  inflammatory  ti  affection  of  single  nerves — 
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rbeumatic  neuritis — is  also  quite  pommoii,  esjieeiiilly  facial 
neuritis. 

In  severe  neuritio  processes  the  nerve-fiber  is  com- 
pletely destroyed  and  replaced  by  solerotic  connective 
tissue.  In  milder  grades  of  the  degenerative  processes 
the  ner\-eH  may  be  completely  regenerated  (parenchyma- 
tous neuritis),  the  nerve  tissue  differing  in  this  respect 
from  the  tissues  of  the  spinal  corfl.  We  distinguish 
various  forms  according  to  their  severity. 

I.  The  Diseases  S  the  Motor  Nenres. — Any  of 
the  above-mentioned  lesions  affecting  a  pnrrlv  motor  or 
niixi'd  nerve  may  give  rise  to  (Kimlytic  ami  irritative 
symptoms  (localizeil  muscular  spasmsj  In  the  domain  of 
the  affected  nerve.  We  distinguish  three  forms  iii'  pariil- 
ysis  :  A  severe,  a  moderately  severe,  and  a  mild  I'orm, 
depending  on  the  duration,  which  in  turn  depend.-^  on  the 
severity  of  the  neuritic  process. 

For  the  details  in  the  diagnosis  the  student  is  referred 
to  the  jniragraph  on  Electric  Diagnosis,  Part  IV,  page 
108. 

The  most  frequent  forms  of  paralysis  are :  Facial  par- 
alysis— usually  rheumatic — in  middle-ear  disensc,  due  to 
a  compression  ueuHtis  of  the  nerve  in  its  eoiirHC  through 
the  bony  canal.  Paralysis  of  the  radial  nerve,  usually  due 
to  compression  and  occurring  especially  in  narcosis,  in  par- 
alysis uf  the  fifth  and  sixth  roots  of  the  brachial  plexus, 
by  compression  bolweeii  the  clavicle  and  the  first  rib 
during  sleep,  and  in  lead-poisoning  ;  oculomotor  paralysis 
— postdiphtherie  ;  rwurrens  iwraly.-is,  due  to  compres- 
sion by  aneutysms  or  tumors ;  paralysis  of  the  spinal 
accessory ;  paralysis  of  the  brachial  plexus  during  labor ; 
paralysis  of  the  median  and  thenar  nerves  from  injuries. 

For  a  detailed  account  of  the  symptoms  of  these  and 
other  possible  paralyses  consult  Part  IV,  3,  page  97. 

Of  the  localized  muscular  spasms  produced  by  disease 
of  individual  peripheral  nerves  the  more  fr('<|iicnl  are  the 
following : 
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Spasm  of  the  facial  nerve,  clonic  coQX'ulsious  of  the 
entire  miisculatiire  of  one  side  of  the  face  {Hv  connttii/). 
A  partial  form  is  represented  by  lilepliarospui-ni.  or  touic 
and  clonic  convulsions  of  the  eyelids. 

Spasm  of  the  muscles  of  mastication,  or  trismus,  a 
tonic  spasm  usually  central  in  origin. 

Spasm  of  the  spinal  accessory, — spastie  torticollis, — 
a  severe  tonic  and  clonic  convnlwion,  frequently  involving, 
in  addition  tu  tlic  tmpezins  und  eteniocleidoniastuid,  the 
other  nuchal  mnscles  iiniei'vated  by  the  cervical  plexus 
(splenins,  etc.).  The  latter  group  may  also  be  attacked 
separately. 

Clonic  spasm  of  the  diaphragm,  sinsultus,  spasm 
of  the  calf  muscles  (criimpiis  scnsii  strictiori),  and  others. 

The  wiiise  of  these  cram]>s  is  not  by  any  means  always 
a  lesion  of  the  periphend  motor  ner\'e8.  In  many  cases 
they  are  reflex  in  character,  as,  for  instance,  in  violent 
neuralgia,  etc. 

It  is  often  very  difficult  to  distinguish  convulsions  of 
central  (psychogenic)  origin  from  those  due  to  peripheral 
irritation.  The  two  ntuses  may  be  at  work  at  the  same 
time  and  together  produce  the  convulsions  (predisposition 
due  to  central  diiieaee  and  jK'ripheral  exciting  cause). 
The  tipnsms  that  arc  to  be  interpreted  in  this  way  tnelude 
tits  of  yawning,  laughing,  weiping,  and  shouting  (see  Hys- 
teria), the  saltatory  reflex  spasm  (muscular  contractions 
when  the  ])atient  attempts  to  walk),  multiple  paraniyo- 
clonuH  (nee  Hysteria),  also  the  so-called  occupation  neuroses 
which  ocou^ionally  attack  neurasthenic  individuals  and 
consist  in  disturlmnces  of  the  coordination  oi'  certain 
muscles  required  for  definite  movpnients  pertitmied  in  the 
<x)ursc  of  the  |Mitient's  ordinary-  (icrupatiou,  especially  in 
manual  wurk  (re.iding,  sewing,  violin-  and  piano-playing, 
etc). 

Writer's  cramp — mogigraphia — consists  in  uncontrol- 
lable spasms  in  the  nniscl^^f^  hand  and  6ng«rs, 
accompanied  by  tremq|^^^^^Hkn  and,  occasiotuilly, 
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painful  sensation!-.  CoiituiuoiiB  writing  becouien  utterly 
impossible  (spastic  paiiilytic  tremor-like  neuralgic  form). 
The  disability  is  increased  by  psyohic  emotion  and  fear, 
greatly  as  in  stammmng. 

Treatment. — The  patient  muft  st*n>  writing  at  stated 
intervals  and  use  a  thick  penholder  (Nusslmuui's  bolder). 
Cold  sponging,  massage,  gymnastic  exercises,  electric  treats 
meat,  bending  of  the  arms,  writing  niaeliine. 

Note. — OccnpntioD  palHiee  similEtr  to  tiie  occQpation  HpaflmH  und 
also  associated  with  miiaoalfiratrophyaresonietiiuesobaerv^.  Black- 
smiths are  attacknt  in  this  way  in  the  small  musolea  of  tho  hand  j 
dnimnicni  in  the  pxtensnr  and  flexor  lon^^  of  the  thunili  ;  dairymen 
snSer  a  paralysis  of  the  ulnar  nerve,  etc  Other  fonns  of  paralysis  and 
spasms,  BH  u  ratf,  require  iin  irenlnient  in  mild  cnses,  althiiugli  el<v- 
trieity  and  massage  may  be  employed. 

In  the  severe  forms  treatment  is  nsnally  of  very  little 
value.  Removal  of  the  cause,  gymnastic  exercises,  ma^ 
sage,  baths,  cutaneous  irritation,  actual  cautery  for  spasms. 
(For  psychic  treatment  see  under  Hysteria  and  Neuras- 
thenia.) 

2.  Diseases  of  the  Sensory  Neires. — The  same 
causes  acting  on  sensory  nerves  pnjiluce  either  anesthesia 
in  the  area  of  distribution,  representing  the  paralytic 
symptom,  or  violent  radiating  pains,  representing  the  irri- 
tative symptom.  The  latter  are  more  imiwrtant  than  the 
former.  These  neuralgic  pains,  wbieh  mriir  in  jMimxysms, 
are  not  infre^jueutly  acconnKiriinl  by  |iiirt>tbc>iii  and  by 
some  disturbance  of  the  sensibility  in  llic  atiirtnl  |ii.rliiin 
of  the  skin.  They  develop  most  Imiucnlly  alter  severe 
infectious  diseases  (malaria,  inHuenza),  or  in  other  toxic 
divSeases,  such  as  diabetes,  syphilis,  gout,  nephritis ;  in 
arteriosolerosLs  (sciatic  nerve) ;  as  a  result  of  meehanical 
injury  (tumors,  scars,  neuromata).  Acute  sjjontaneoua 
forms  (neuritis?)  may  be  accompanii^l  by  cutaneous  affec- 
tions, such  as  herpes  zoster,  urticaria,  and  erythema. 

For  the  diagnosis  of  neuralgia  it  is  necessary  that  the 
pain  should  correspond  exactly  to  the  area  of  distr" 
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avute,  anil  clitv^nic  forms,  see  Elcvtric  Biagnosis)  improve- 
nient  gradually  begins  and  iu  most  cases  goes  on  to  coin- 
plett*  cure.  Severe  coses  luay  terniitiate  fatally  in  a  verj- 
short  time  wlien  the  pneunu^stric  or  plirenic  nerves  are 
involved. 

We  distinguish  a  motor,  a  eensury,  and  an  ataxic  form, 
according  as  the  motor,  senson-,  or  ciiordinatiiig  disturb- 
ances are  more  prominent.  It  is  difficult,  however,  to 
druw  a  sharp  dividing-line,  as  some  of  the  symptoms  of 
alt  three  forms  are  usually  present.  The  ataxic  form,  on 
account  of  its  resemblance  to  tabes,  is  called  pnewtolabes. 
The  most  imtioi'tjint  forms  arc  ; 

(a)  Alcoholic  Neuritis. — Motor  Form. — Flaccid  bilatr 
er.d  pandy^i'^  -A'  ihc  ]K'riiiici,  (|iiadrii-eiis,  glutei,  extensores 
carpi  et  digiioruiii  (■(uniLiiiiu^,  vxti'iisoivs  pollici.s,  eto. 

Knee-jerks  alxiHslied  ;  sensory  disturbances;  paresthe- 
sia. In  other  cases  the  radiating  pains,  paresthesb,  and 
tenderness  of  the  affected  nerves  and  nuiscles  are  more 
prominent ;  while  in  a  thii'd  group  the  ataxic  gait,  muscular 
paralyses,  or  atrophies,  witli  preservation  of  the  pupillaiy 
reflex  (in  contradistinction  to  t:4b(-s),  form  the  principal 
features  (diabetic  polyneuritis  is  a  similar  form).  At  the 
same  time  other  phenomena  of  alcoholism,  such  as  psychic 
disturbanc&s,  delirium,  maniacal  conditions,  and  mental 
confusion  may  be  present 

(b)  Diphtheric  Neuritis. — This  affects  chiefly  the 
motor  nervi's.  Dysphagia  (spinal  accessory  and  vagus) 
and  ocular  ii!d>ies  (diplopia  and  loss  of  accommodation) 
are  the  comninncst  manifestation^.  In  severe  cases  the 
knee-jerk  is  abolished  and  a  flacfid  paralysis  of  the  ex- 
tremities develop,-;.     The  va^ns  may  be  paralyzed. 

(c)  Saturnine  Neuritis. — Tins  occurs  in  compositors, 
dyers,  etc.  The  musi'les  most  commonly  affected  are  the 
extensors  of  the  hand  and  fingers  supplied  by  the  radial 
nerve  (except  the  supinator  longiis).     In  addition  there 

f  irritative  phenompna  :  lead  colic,  paresthesia, 
moes  of  sensation. 


ilULTII-LE  yECRiris. 


rized  espe- 


(d)  Arsenical  Neuritis. — ^This  is  characterized  espe- 
cially by  t«vere  st'iiHorv  plieiiomoua :  paresthesia  in  the 
fingers,  puin,  diHturbance»  of  ^nsibility.  Paralytic  eymp- 
toms  are  also  preseut.     (Compare  Mercurial  NL-uritis.) 

Notr. — Acroporaithesia  (painful  parcatlieaiiuu  llie  tipucrf  the  fingers) 
without  motor  distiirbaDcea  \s  a  diseafle  that  more  or  less  closely  re- 
Bembles  BiTsenical  Denritis.     Il^  trae  nnttire  is  iinkQonu. 

(e)  Multiple  Neuritis  of  Pregnancy  and  the  Puer- 
periam. — Tlie  tlienar,  median,  sciatic,  and  crural  nerves 
are  speciully  liable  to  be  affected.  An  entire  extremity 
may  Ijc  involved.  The  symptoms  are  chiefly  motur;  the 
reflexea  are  abolished. 

(f )  Infectious  Multiple  Neuritis, — Its  oi'igin  is  un- 
known, but  ia  almost  certainly  infectious.  It  begins  with 
general  febrile  symptoms  and  with  violent  neuralgic  [tain, 
both  spontaneous  and  elicited  by  pressure ;  muscular  weak- 
ness rapidly  develops  and  goes  on  to  a  flaccid  paralysis 
affecting  first  the  legs  and  then  the  arms  (ascending  form). 
The  tendon  reflexes  are  abolished  ;  disturbances  of  sensa- 
tion, edema,  acceleration  of  the  pulse,  and  dyspnea  (impli- 
cation of  the  vagus)  make  their  appearance.  The  duration 
is  variable ;  most  cases  recover.  Death  is  due  t<>  paralysis 
of  the  pneumogastric. 

This  form  was  formerly  known  us  "  Lantlry's  paralysis." 
Alterations  in  the  spinal  cord,  probably  secondary  in 
character,  may  be  present  in  the  form  of  certain  definite 
degenerations.  Cases  also  occur  in  which  there  is  a  focal 
myelitis  (myeloneuritis).  A  positive  diagnosis  is  difficult. 
The  prc^nosis  is  unfa\'orable. 

SoU. — A  Rimilar  clinical  picttire  U  obarrved  in  aaiit  polgmpimtU, 
which  is  no  doubt  etiolOKtCMlly  related  to  inteotious  poIynenritiB.  It 
difTers  from  the  latler  in  tlio  more  prononnced  t«udemet«  in  the  mnBolvB 
on  pressure  mid  the  comparative  mjldnew  of  the  neuritic  pninn.  Sen- 
sory disturbances  and  the  reactions  of  depeneration  are  ahaent.  On  the 
uther  hand,  there  are  febrile  oonstitutionnl  eymptome,  marked  [laialftiD 
conditions,  edema,  and  ciitancnu!i  eniptionn  (trichinosis  niu.si  ho  ex- 
cluded ). 

Auatomicollj   we   find   inflammatorv   allemtions   in    the   mum 
13 
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In  the  diagnosis  of  the  varioti!«  forms  of  neuritis  we 
must  exclude  tlio  following  contlitions :  Tabes  tlorsalis 
(pupillary  rigidity,  bladder  disturbances,  paralysis  of  the 
eye  mnscles,  prominence  of  the  ataxic  symptoms,  compar- 
ative insignificance  of  the  muscular  paresis  in  the  initial 
Htage,  liistory);  lumbar  myelitis  (bladder  disturbances,  the 
nerves  are  not  painful  oc  pressure);  anterior  poliomyelitis 
(absence  of  sensory  disturbances,  of  tenderness  on  pres- 
sure, and  of  spontaneous  pains).  The  examination  of  the 
urine  for  albumin,  sugar,  and  lead  is  very  importjmt. 

Treatment.  —  Removal  of  the  cause — alcohol,  lead; 
antisyphilitic,  if  indicated.  Rest,  salicylates,  antipyriu. 
Later,  electricity,  gj-mnastic  exercises,  massage,  and  baths. 


V.  OTHER  DISEASES  OF  THE  NERVOUS   SYSTEM 
THE    NATURE    AND    SEAT    OF    WHICH     ARE 
NOT  KNOWN. 
I.  Basedow's  disease  is  the  term  applied  to  a  group 

of  syinjitnms  consisting  of  exophtlialmos,  struma  (vascu- 
lar), tachycardia, — iffimxyBmni,  pulse  100  to  160, — a8so(»- 
atfid  witli  other  ner\'ous  |)henomeua.  The  latter  include 
tremor  of  the  extremities,  hyperidi-osis,  feeling  nf  heat, 
attacks  of  vomiting,  and  irritabilitir-.  Tlie  eyeballs  are 
prominent,  and  u-inkiiig  occurs  only  at  long  intervals 
{Stellwng's  sign).  There  is  Inking  of  the  upper  lid  when 
theeyelrall  is  rotated  downward  (Graefe's  sign)  and  the  in- 
ternal recti  are  often  insufficient  (Moeiiius'  symptom).  The 
disease  is  supposed  hy  some  to  Ite  due  to  a  morbid  activity 
of  the  thyroid  gland  (toxic) ;  acconling  to  others  the  seat 
of  the  lesion  is  in  the  medulla  oblongata. 

The  symptoms  may  be  more  or  less  pmnounced  ;  in 
some  cases  they  are  barely  perceptible  (alypiral  forms). 
Thedia^a^^         "«»■«■ 

.arsunic,  pliospiiatc ol'  ^oiliuni  (J 
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to  3  drams  jrer  diem).     Digitalis  haa   no   eflect.     Good 
food,  electricity,  friction  and  massage,  baths. 

2.  Myxedema. — As  the  development  of  myxedema  ia 
accompanied  by  atrophy  of  the  thyroid  gland,  there 
appeal's  to  be  nn  doubt  that  tiie  disease  has  some  coiineo- 
tiou  with  this  structure.  The  inimediute  cause  appears  to 
be  the  absence  of  its  secretion  (the  opposit*  condition  to 
that  which  obtains  in  Basedow's  diseiise  ?).  Total  extir- 
pation of  the  thyroid  gland  is  followed  by  a  similar  con- 
dition (cachejtiu  strumipriva). 

The  chief  symptom  of  myxedema  consists  in  a  dia- 
6guring  edema  iu  the  skin  of  the  face  and  hands.  The 
skin  becomes  thick  and  drj',  and  its  upper  layers  dcstjua- 
mate.  The  movements  are  clum.sy  and  uncertain.  The 
mental  condition  is  affected  :  the  subject  bet«raes  apathetic 
and  finally  demented. 

Treatment. — Gi>od  results  are  obtained  by  the  adminis- 
tnitiiin  of  thyroid  gland  in  substance,  by  subcutaueous 
injecliiiii  nf  t!ii'  juice,  and  by  the  use  of  glycerin  extract, 
thyroid  gland  lalilrts,  and  thyreoidinum  siccnni  internally. 

3.  Acromegaly. — In  this  mysterious  disease  there  is 
slow,  abnonnal  gi-cmiii  of  the  fingers,  hands,  feet,  noae, 
lips,  and  jaws  (the  "  points,"  "  akra,"  of  the  body),  lead- 
ing to  permanent  disfigurement.  Optic-nerve  atrophy  and 
ocular  i>alsie8  frequently  residt  from  the  pressure  of  the 
enlarged  pituitary  body  in  the  sella  turcica.  Glycosuria 
ia  often  present. 

Other  proceti!*es  belonging  under  this  head  have  been 
discu-'^sed  in  Part  IV,  4  (hemiatrophia  facialis,  edema  cutis 
circumscriptum,  erj'thromelalgia,  symmetric  gangrene). 

4.  Tetany. — This  consists  in  paroxysmal  attacks  of 
painful  tonic  s]>asms,  affecting  especially  the  flexor  muscles 
of  the  fingers  ("  Pf  otchenstellung  " ;  main  en  griffe),  arms, 
and  toes.  The  spasms  are  symmetric  and  can  be  pro- 
voked by  pressure  on  the  nerve-trunks  (Trousseau's .  r '  • .-_ 
nomenou).  The  attacks  may  occur  at  intervals  for 
weeks  or  more. 
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A'ate. — Tetanic  simniiiM.  rsiwcittllj-  ot  tlie  Scitots  of  ibe  fingers  and 
moaclea  of  tlie  mif,  are  frequently  »teo  in  uenriliN,  in  alcnliulic  Btib- 

{'eots,  and  in  pereoiis  suffcrion;  from  gaelricdtgltirlnnces.     Thvymay, 
lowever,  alivj  otenr  in  gtherwlae  lii-althy  prrwna  Inuuiaiil  workeiB, 


Tetanus  k  u  septic  disease  following  woiimlK  and 
is  caused  by  the  toxins  of  the  tetanus  bacillus.  It  is  n 
seoondaiy  infection  which  may  oc.pur  after  slight  injuries, 
.manifesting  itself  in  tonic  cocvulsiDlis  BfTecting  ajl  tbe 
luuBcles  of  the  body. 


GENERAL  REMARKS  ON  AUTOPSY  TECHNIC 

AND  THE  MICROSCOPIC  EXAMINATION 

OF  THE  NERVOUS  SYSTEM. 

In  ofieiiiiig  the  cavity  of  the  likiill  and  Hpinal  column 
it  iiiiist  ahvuyii  l>e  borne  io  mind  thnt  a  mirit^copic 
ox:iniinHtiuD  of  the  central  orguns  may  eventually  be 
nraesiiary.  In  many  cases  the  exact  anatomic  condition 
can  not  be  determined  without  this  examination,  as 
the  luacroscopiu  appearances,  while  they  may  explain  a 
coarse  focal  lesion,  do  not  Ruflice  to  determine  which  of  the 
different  forms  of  degenerative  disease  is  present.  Thu 
eardinnl  nile  is  often  violat«d. 

The  autopsy  in  such  cases  should  be  performed  aa  soon 
after  death  as  possible,  never  later  than  twenty-four  hours. 
In  diseases  of  the  spinal  cord  the  body  should  be  laid  on 
its  face,  to  avoid  the  confusing  effects  of  postmortem 
gravitation. 

The  greatest  mistake  made  in  autopsies  which  may  in 
other  respects  be  correctly  performed  oousiste  in  carelessly 
cutting,  compressing,  and  distorting  the  brain  and  cord, 
often  rendering  it  impossible  9ul>sequently  to  make  a 
proper  microscopic  examination. 

The  first  point  is  the  removal  of  tbe  bruin.  If  the 
membranes  (tentorium,  etc.)  are  not  completely  loosened 
and  the  cervical  oord  and  cranial  nerves  carefully  divided, 
the  brain  can  not  be  removed  without  an  undue  amount 
of  pulling,  which  may  destroy  parts  of  the  brain  tliat 
have  undergone  softening.  In  the  next  place  an  un- 
necessary number  of  incisions  are  too  often  made  in  the 
central  ganglia,  the  corpora  quadrigemlna,  etc..  ■  '"  ■' 
is  very  difficult  later  to  rew^ize  the  part*'  in  eei 
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It  is  customary  to  make  these  incisions  obliquely  1  ^ 
the  central  ganglia,  thus  disturbing  the  relations  of  the  soft  « 
tissue  of  tlie  brain  to  such  an  extent  that  it  is  impossible 
afterward  to  orient  one's  self  in  a  microscopic  soction. 
The  incisions  in  such  cases  should  always  be  made  exactly 
horizontal  or  exactly  frontal ;  it  is  best  to  avoid  cutt' 
the  fresh  brain  altogether. 

The  brain  must  never  come  in  contact  with  water,  fl 
this  gives  rise  to  misleading  appearances  when  the  br« 
is  hardened. 

After  opening  a  disea'wd   focus  by  a  superficial  hoii 
zontal  cut,  it  is  much  better  not  to  attempt  iiny  fresh  iuve! 
tigation  of  the  ilctails.     It  is  uot  likely  that  any  more  wi 
be  learnwl,  no  matter  how  many  incisions  are  made.     The 
minute  examination  should  be  deferred  until  the  brain  hiiH 
been  hardened  in  formalin  (aqueous  solution,  20  to  SOji^) 
from  six  to  eight  days  and  then  in  Miiller's  fluid.'     If 
the  brain  is  kept  at  a  temperature  of  M°  C,  and  if  the 
lateral  ventricles  are  ojiened  and  the  coqius  callosum  lie- 
tache<l,  the  examination  (sin  lie  made  after  a  few  weel^ 
without  doiug  any  damage.     It  will  then  be  much  eaeiel 
to  recognize  tlic  relations  of  the  parts,  and  degeneratioi 
which  could  lint  be  seen  in  the  recent  condition  are  i 
cognized  at  the  first  glance. 

The  spinal  cord  is  often  injured  by  careless  use  of  th#" 
chisel  and  forceps ;  mere  tugging  and  squeezing  may 
lacerate  a  softened  area.  In  Ihe  case  of  the  cord  also  the 
caution  against  making  loo  many  incisions  should  be 
remcmliered.  In  dividing  the  posterior  roots  it  is  well  ti 
cut  as  far  out  as  possible,  so  as  to  obtain  u  |mrt,  at  let 
of  the  spinal  ganglia  along  with  the  posterior  nwts.  Tbi| 
ia  always  possible  in  the  lumbar  enlargement. 

After  carefully  considering  the  course  of  the  dise 
tliG  e:taminer  should  make  up  his  mind  l>efore  theautopc 
what  ner\'es  or  muscles  are  probably  diseased  and  ougl 

'  Bictiromsteof  poUa>iiim2gm.,  BolphAteolEwdiuml  gm.,  di 


to  he  taken  out  The  nerves  are  ^et^^ured  to  small  pieoea 
of  wood,  anil,  like  the  muecles,  carefully  labeled  with 
the  name,  side  of  the  body,  aud  level  at  which  they 
were  removed.  The  report  of  the  autopsy  should  be  as 
minute  as  possible.  The  condition  of  the  bones  of  the 
skull  and  spinal  cohiniii  and  of  the  meninges  and  blood- 
vessels should  be  accurately  described  and  the  contents  of 
the  ventricles  noted.  The  latter  point  should  be  determined 
before  the  brain  is  removed ;  nil  measurements  must  be 
made  on  the  fresh  preparation. 

In  some  cases,  especially  in  recent  focal  diseases,  the 
microscopic  examination  can  be  made  at  once  without 
hardening  the  tissue.  A  smalt  piece  is  excised  with  the 
scissors,  placed  on  a  slide,  and  teased.  In  this  way 
granule  cells,  dt^nerated  ner\'e-eells  and  libers,  and 
d^nerated  mnscle-fiiiers  can  l)e  recognized.  To  bring 
the  parts  out  more  clearly  the  slide  may  be  rapidly  stained 
with  a  drop  of  1  per  cent,  methylene-blue  solution  or  with 
hematoxylin. 

D^nerated  portions  of  tissue  are  cut  into  small  pieces 
and  immediately  placed  in  a  1  per  cent,  solution  of  osroic 
acid,  which  is  to  be  kept  in  the  dark.  After  twentj'-fonr 
hours  the  products  of  degeneration  (fat  granules)  will  be 
stained  black.  This  proceeding  (Marchi's  method)  is  e^'en 
more  successful  in  tissue  hardened  in  Mfdler's  fluid  (not 
in  alcohol). 

Whenever  it  is  desired  to  make  a  systematic  examina- 
tion, hardening  is  absolutely  indis|5ensable.  The  best  re- 
sult are  obtained  with  Midler's  fluid  or  alcohol,  depend- 
ing on  the  particular  tissue  it  k  desired  to  examine.  For 
the  examination  of  nerve-fitier  (degenerations)  Mfdler's 
fluid  must  be  used  ;  if  the  condition  of  the  ganglion  cells 
(inflammatory  degenerative  processes)  is  to  be  investigated, 
the  tissue  must  be  hardened  in  alcohol.  In  other  cases 
the  tissue  may  be  first  hardened  in  formalin. 

It  is  often  desired  to  examine  lH)th  t  -^nglion 

cells.     In  such  a  ease  the  cells  can  b  Mned 
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■rben  the  tissue  is  Uunleoed  in  MdIUVa  fluid.  It  is  tnueb 
better,  on  tbe  whole,  lo  put  tfa«  gr»t«r  pail  of  ibe  brain, 
sjHoal  cord,  nerves,  and  mu^le^  into  lluller's  fluid  after 
it  ha^  bc«a  hardened  in  formalin,  and  to  harden  some 
of  the  more  important  smaller  pieces  in  absolute  aloobol 
immediately  after  removal  from  the  bodr.  Such  prepar*- 
tiou^  can  also  be  stained  for  bacteria. 

It  requires  several  nionths  (o  harden  a  brain  in  Mulleins 
fluid.  Tbe  time  can,  however,  be  coa-iderably  ^tortened 
hv  keeping  the  jur  in  a  temperature  of  about  30°  C. 

The  trolution  must  be  constantly  renewed ;  during  tbe 
fiffit  six  days,  if  the  jar  ia  kept  in  a  warm  place,  tbe  acAa- 
tiott  should  be  renewed  ever}'  day,  later  at  longer  inter^'als. 
As  the  hardening  process  goes  on  additional  incisionB, 
eitlier  horizontal  or  frontal,  should  be  made  from  time  to 
time  to  ullnw  the  chrome  salts  to  penetrate  the  tissue  more 
easily.  The  tissues  should  never  be  examined  until  they 
are  completely  hardened;  the  pieces  must  be  brown,  not 
yellow.  If  the  hardening  is  incomplete,  unpleasant  arti- 
tkctr'  will  be  produced  when  the  tissue  is  stained. 

Hardenin<r  in  absolute  alcohol  requires  only  a  few  days. 
The  alcohol  should  be  changed  several  limes.  After  a 
tissue  has  been  hardened  in  Mailer's  fluid  it  is  to  be  cot 
in  thin  sii(«s  aud  hardened  again  in  alcohol,  but  without 
dehydrating,  if  it  is  intended  to  use  a  me<liillury  sheath 
stain.  The  tissue  is  then  placed  lirst  in  thin  uud  then 
iu  thick  celloidin  for  the  pur[)osc  of  imbedding.  After 
an  interval  varA'ing  from  five  to  twenty  dayw,  or  even 
longer,  depending  on  the  size  of  the  pieces,  the  tissues  are 
mounted  on  blocks  and  laid  in  70  per  cent,  alcohol ;  aftw 
a  icw  liouDi  they  are  ready  to  cut. 

The  cutting  is  done  with  a  inicrntome,  and  the  sectioiu 
need  not  be  very  thin.  IT  an  uninterrupted  series  of 
sections  is  desired,  a  pie<^e  oC  firm  medicated  toilet-paper, 
which  has  been  previously  labeled,  is  moit-tem-d  with  a 
sugar  solution,  placed  on  a  plate,  and  covered  with  a  layer 
of  thin  ce\]ajdi^^SEk^S^ion6  are  then  laid  in  order  o 
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the  paper,  to  which  they  i  mined  lately  adhere.  This  is 
kept  in  70  per  cent,  alcohol.  When  the  sections  are  to  be 
examinetl,  they  are  easily  loosened  from  the  paper  by 
placing  the  latter  in  water.  To  stain  the  nerve-fiber, 
Weigert-Pal's  heniatoxyliD  stain  for  nudiillary  t-heaths  is 
used.  To  stain  the  cells  camiinor  double  cnrniin  atain  is 
used  for  tir«ues  hardened  in  Miiller'ti  lluid,  and  Nissl's 
methylene-blne  for  tissues  hardened  in  alcohol.  (For 
further  directions  the  student  is  referred  to  the  text- 
books of  Kulddon,  FriecUauder-Eberth,  and  otiiers.) 

Witli  the  medullary  sheath  slain  all  the  mcdullatcd 
nerve- fibers  are  staini^d  black;  hence  if  such  fibers  are 
Dormally  absent,  or  if  they  are  degenenitc<l  or  ttestroyed, 
the  corresponding  areas  are  not  stained  and  appear  pale 
instead  of  black.  The  fatty  constituents  of  the  medullary 
sheath  enter  into  a  firm  chemic  union  with  tlie  pigment  of 
the  hematoxylin,  and  this  produces  the  black  color. 

The  most  modern  method,  Golgi's  impregnation  with 
silver  (Cajal),  can  be  used  in  pathologic  lases  only  under 
certain  restrictions,  as  it  does  network  uniformly  well. 

Our  knowledge  of  the  structure  of  the  nervon.s  system 
has  been  gained  chiefly  by  means  of  the  following  methods 
of  investigation : 

1 .  By  reconstruction  of  serial  sections  through  a  normal, 
fully  developed  human  brain  (Stilling,  Meynert,  etc.), 
various  methods  of  staining  or  impregnation  being  used 
(Weigert,  Golgi,  Cajal,  and  Nissl). 

2.  By  the  examination  of  pathologic  eases,  es|>eciully  of 
secondary  degenerations  (Tfirck,  ^\'uller). 

■'J.  By  comparative  anatomy  and  comparative  embiyol- 
ogy  (Meynert,  Ekiinger,  and  others). 

4.  By  a  study  of  the  development  (niedullation,  et«. 
Kollikcr,  Kupfler,  His,  Flechsig,  and  others). 

f).  By  the  examination  of  degenerations  produced  ex- 
perimentally (Gudden,  Monakow,  and  others), 

These  methods  have  been  used  as  much  ac  "    >n 

the  preparation  of  the  plates  eontained  in  tl 
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ABBREVIATIONS  USED  IN  THE 

FIGURES. 

Anterior 

c.  i.  a.   .  Anterior  linib  of  inter- 

A. b.'  '.  BaslUr  ariery. 

nal  ca|i«lile. 

A.  ce.  .  Artery  of  oorpnsoaUoenin 

0.  i,  p.  .  Poalerior  limb  of  inter- 

a,  d.  .   .  Desoending  root  of  ftndi- 

liniy.    '■ 

tory  nerve. 

CL     .   .  Colnnm  of  Clarke. 

A.  8.     .  Atiiicdttot  or  Sylvins. 

a.     .  .  Claiwtruni  (brainl. 

A.  r.  8.  .  yylvian  artery,  middle 

oerebnil  arlery- 

C.  p.    .  Posterior  horn  of  spinal 

A.  V.     .  Vertebral  artery. 

cord. 

a,  V,  .    .  Aroh  nt  vertebra. 

0.  p.  .    .  Posterior  horn  of  lateral 

ventricle. 

ilniicle  of  cerebellnm). 

BaIb.oir.  OUaotorybalb. 

0,  q.  a.  .  Anterior  corpus  qnadri- 

c.   ,   .  ,  Conarinm,  pineal  body. 

geminnin. 

C.   a.     .  Auterior  horn  of  spinal 

0.  q.  p.  ,  Pcnterior  corpiis  quadri- 

oord. 

0.  r.  .   .  Rratifomi  l>.).ly. 

(brain  »ndcordl. 

r.  a.  .    .  Anterior  liom  of  lateral 

0.  St.    .  Corpus  Htriatuni. 

>'entriPle. 

c.  t.   .   .  Cenirnl   te^ienial  tract 

0.  Am.  .  Cornii  Ammonis. 

(ailel). 

WTRbellar  tract  in  oord 

cnn.  .   .  Cnncns. 

and  medulla. 

C.  V.     .  Contmin    semiovale    of 

CO...  Cotpuscandicansoralbi- 

d.      .   ,  I>nra  mater. 

D.   Br.  .  Decussation  of  brachia. 

0.  e.  .    .  Extemul  capsnle. 

Dec.  Pyr.  Deenssation    of    pyra- 

cerv.     .  Cervical. 

mids. 

c.  ({.  1.     Ejcternal    geniculate 

bo<lj. 
e.g.  m.    Internal      geniculate 

Ea.  K.  .  Reactions    of   degenero- 

f.    .  .    .Fornix.                                         , 

body. 

f.  a.   .    ,  Anterior  ground  bundle.                 | 

Cb.    .   .  Optie  chiasm. 

f.  a.  B.  .  Eiternul  arcifonn  tibprs. 

C.  i.  .    .  Internal  carotid. 

f.  a.  i.  .  Internal  arcifonn  HberH.                 ' 
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1                   r.  al.     .  Antei-olateral    gronnd 

n.  vm. 

P                                       bundle  (mixed  lateral 

d.     .   .  Donal  nucleus  of  audi- 

wry  ner.-e. 
u.VIIIv.  Ventmlnocleuaof  audi- 

t. B.  .   .  Fuuicnlna  ouneanis. 

t.B.   .   .  CSlcarine  Hsgnre. 

tory  nene. 

u.  V.  .    .Red  Ducleua. 

f.  0.  .  .  FnuiouluB  graoilia. 

0,      .    .Olive  (inferior,  greater). 

Fl.     .    ,  FIoccqIus. 

ol.  m.      Mesial  accessory  olive.            J 

fl.  ,    .    .  lAlcnil  ground  bnndle. 

(.1.   .  \  Poflterior     lon({itiidin»l 
f.  1.  p.  ;     bnndle. 

ol.  fl.     .  Superior  olive.                         1 

p.  .   .   .  Pia.     ,                                   1 

r.  p.  .   .  Posterior  oulnmn. 

F.  rhomb.  Rhomboid  toBM. 

pied.'.   '.  Cerebral   pedunelB,   pm, 

f.  a  .   .  FiMore  of  Bjlviiw. 

crust*  pcdunouli. 

G.     .   .  Gowpm'  tntct. 

PI.  ch.  .  Choroid  plexuH. 

g.  and.    Angular  gj-niB. 

Pnlv.    .Pnfviiiar. 

g.  o^tr.   Central  oonvolationa. 

Put.  .    .  Putamen. 

g.  It.     .  Frontal  convolnlion. 

Py.    .    .  PjTHinidal  Inwl- 

E.  H.        Hippocampnl     convolu- 

q.'a. .    .  Anterior  corpus  quadri- 

tion. 

KeniiuQui. 

Kl.  p.       Globus  pallidus  (middle 

q.  p.  .   .  Posterior  corptu  qnadri- 

and  inner  zonmorien- 

geminum.                              d 

ticularnucltns). 

R.      .   .  Raphf  of  the  tegmentum 

B.I.   .    .Externsl     genionlaU- 

and  pons. 

body. 

r.  a.  ,    .  Anterior  root, 

g.  m.     .InternHl     genienlato 

body, 
g.  0.  .   .  Oodpital  eonvnlutinn. 
5.  0.      .  Gretiolet's  optic    radia- 

R. c      .  Rainna  arteriosus    oom-        ' 

r.  p.  .    .  Posterior  root. 

tion. 

snieta. 

g.  t.  .  .Temportil       oonvolw 

B.  .    ,    .Solitary    bundle    (de- 

tion. 

scending  root   of' IX 

K.      .   .  Bftpli*    of    the  tcgmen- 

and  X). 

tnm. 

L.  .   .    .  Bonndaiy   zone   nt   Lis- 

posterior  bom. 

L.  .    .    .  Lenticular  nnclens. 

L.  .   .    .  Lateral. 

sulcns. 

1,  po.     .  Pararentml  lobule. 

8.  p.  ,    .  Septum  Incidum. 

m.      .   .  Mesial. 

M.  eb.  ,  MedDllaoblongntn. 

tegnientnm. 

n.   .    .    .  Nodulns. 

Btr.      B. 

N.  am.  .  AmvK<i«loid  nneleun. 

m,,i.  .  Snperior,    middle,    mm! 

N.  B.    .  Noolens  of   Bnrdach. 

inferior  layer. 

M.  a.     .  Htriie  acusticn. 

n.  0.  .   .  Cnudalt  nucleus. 

t.    .  .  .  Tieniu  thalatoi. 

n.  f.  a.  .  Areiform  nncletw. 

T.  teg,  .  Tegmentum. 

N.  G.    .  Nucleus  of  Goll,  nucleus 

Th.    .   .  Optic  thalamna. 

ot  tiie  clava. 

tr.  o.     .  Optic  trwjt. 
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trig.  olf.  Trigonuni  olfactorium. 


U. 

nnc.  . 

V.      . 

V.  IV. 
V.   8. 


V.  i. 


V. 


Uvula  (vermiform  pro- 
cess of  oerebellom). 

Uncus  (Hippocampal 
gyrus). 

Ventricle  (lat.,  med., 
III). 

Fourth  ventricle. 

Superior  vermiform 
process  of  cerebel- 
lum. 

Inferior  vermiform 
process  of  cerebel- 
lum. 

Vertebra. 


V.  m.  a.  Anterior     medullary 
velum  (with  lingula). 

z.  V.  .   .  Koot-zone. 

V.  c.  .   .  Caudal,  descending  root 
of  trigeminus. 
Motor    nucleus   of    tri- 


V.  m. 
V.  n. 
V.  s. 

VIII 

N.    . 
VIII 

N.    . 


c. 


V. 


geminus. 
Nasal    descending 

of  trigeminus. 
Sensory  nucleus  of 

geminus. 

Cochlear  nerve. 
Vestibular  nerve. 


root 


tri- 
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Abdttcenb  nerve,  18 

ArouatQS,  30 

lesioDs  of,  Byniptoms,  91) 

Araenical  nenritiB,  193 

motor  pnthway  in,  45 

Arteries  or  brain,  20 

AbBCesH,  brain,  H7;  PI.  60,  Fig.  1 

or  spinal  ourd,  20 

AohillFS  tendon  reflex,  131 

Acquired  distases,  77 

Acromegaly,  195 

Ascending  degeneration  of  spinal 

Arterhraii),  33 

Ageusia,  oeatral,  87 

AaBociition  fibers,  30 

AkitieHia  algera,  161 

Astrocytes,  25 

Alcoholic  neuritis,  192 

Ataxia,  106                                    ^h 

Alexia,  125,  127 

Frietlreich's,  105                          ^^^M 

Ainnwia,  1-29 

hereditary.  105.  185                  ^^^H 

Amnesin]  aphaeia,  t^ 

Ataxic  gait.  108                            ^^H 

Amygdaloid  mioleius  10 

writing,  12(1                                    ^^ 

A  myotrophio  lateral  scleroais,  177; 

Athetoid  movementa.  107 

PI.  63,  Pig.  3 

SBotion  or  cord  in,  PI.  7« 

64,  Fig.  fi 

Analgesia.  IIG 

spinal  muscular.  HH 

Aneiuiu  or  bmiD,  141 

Auditory  nerve.  18 

Anenryam  oT  brain,  14«;  PI.  50, 

lesions  or,  symptonu^  99 

Fifr  1 

sensory  pathway  ol,  61 

Anode,  109 

Autopsy  techniootnervoussyateui. 

Anosmia,  central,  87 

197 

Anterior  columns  of  oord,  l.l.  38 

Axillary  nerve,  lesions  of,  symp- 

commiasDlv, 11 

toms,  100 

Axis-cylinder  procefts,  3S 

Aphasia,  1-J4 

amnraiid,  135,  12T 

Basal  rorebrain  bundle,  3« 

motor,  124,  125 

tmnclin,   horiaintul  section  of. 

optic,  12.5 

Pl.fi 

sensory,  S«,  125 

Base  of  brain,  disease  of,  symp~ 

visual,  36 

toms.fil 

Basedow's  disease.  194 

Apoplexy,  PI.  65 

Basilar  meningitis,  138 

or,  122 

Aro  de  cerel^  IflO 

motor  pathway  of.  49 

sensory  nervea  of,  59 

2( 

^ 

130 


,EJ& 


admin,  i 


fitias.  Erh'e  pwaljSB  of,  96 
BrndvlaJia.  134 
Brain,  analomr  cf.  1 

anenrrauol.  H6;  PI.  59,  Fig.  1 

aneriiKcJrraitB  of,  147 

hase  ot.  PL  5 

circaUtorr  disnirbatioes,  141 

dpTeli^uDeai  of,  PI.  16 

fiubolu:  Borteninfr.  PL  6S,  Fig.  S 

horizoDta]  imrtion  of,  PI.  ff 

hvprremia  of,  141 

in  nitD,  PL  I 

mesial  miffiM«.  PL  4 

ol  dog.  tool  coranal    BCdiran 
thrangh.  PL  II 

OQt^r  sur&OP  o(,  PL  3 

tuDior  of,  PL  59,  Fig.  3 

^ntriciilBr  HTSl«m  at.  PI.  7 

vesicles),  priniar}-.  42 

with  iqeninges  retnored.  Pi.  2 
BraiD-absctw,  147;  PL  HO,  Tig.  1 
Brain-embolisni,  145 
Brain-BtFin,  PI.  10 

ooronal  section  through.  PI,  1% 
lli 
BraiD-snbRtancc,  disrt».'»«'  of.  141 
BTBin-BTphilis.  139 
Ibvin-tiiromboeis.  14.') 
Brain-tumor,  149 
Brenehet's  \eDoiia  plexna.  31 
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phjraidui,  t4N  be  publiihed.  TbcfC  valunie*  will  ctmEaJn  ihe  naf  cnencc  of  tht  ^Hin 
worlt.RCid  ibe  port bjiKT  will  tboefufe  obuiB  ai  len  ibBAbalf  the  cdsi  theacHBol'the  ivif^ 
oaL    t^iei  (he  tpccuil  lEid  ntAt  Htictlr  iciemific  *«duiibea  ttiU  be  offered  friu  diae  to  tine. 

Gennan,  dnd  each  TdluAc  wiD  be  edited  hy  ■  pmniDent  ipecialiit  on  ihe  tnbject  to 
ihiB  be  broofbi  Thaitn^tTup''"^t^T>iid  ihe  Ansicflti  ediina 
.mUrkin  aF  the  Gemun :  For,  ia  uddiiuia  rn  ihe  nvier  cuvtaiued 


vhkb  iL  nderoled.     Il  « 


in  Ihe  original,  il  will  represent  Ihe 

ery  lalen  -ie«»  of  the  ieadlni  AmericB  apKial- 

nlernal  Medkiae.     The  whole  System 

•Ulocial  wperviHoa  of  Dr.  Alfrtd  SliDccI.  .ho  wlO  oeleci  ih*  HbJKti 

fonheAiMicu 

ediUon.  and  will  cbooH  [he  edilon 

poblicadon  of  lhi>  work  will  Dot  be 

iteDdedovera 

oluioei  win  be  iwaed  during  Ihe  ton 

ng  j<^.  and  the 

remainder  of  the  «riei  al  the  nn: 

e  rate.     Mceeaeer.  each  vohune  will  be  miaeil  Is  tht 

dale  of  It*  pablioUon  by  the  Amc 

am  edllDT.     Tbii  will  obyiale  tbe  o 

bed  in  a  nnmher  of  Tohimo.  uace  the  uhicriba  wffl 

rr«ive  the  completed  woih  while  tb 

e  earlier  Tokmeaare  Hill  fn^ 

■lien  l>»in«  iiwork  of  ihis  kind,  hu  been  >o  compd 

phyncUni  to  lllie  the  entire  Sy«e 

m.     ThiaH«n<IODti>.m*nyca» 

Therefore,  in  pnrcbuiiiK  lhi>  ency 

clopedil.  phfrician.   wUl  be  gi*en  t 

■ibicn-biog  for  Ihe  entire  Sywem 

t  one  lime:  bet  sny  Hnjile  vohime  o 

any  nonber  o( 

yolHBiH  may  be  obtained  by  iho!. 

riei.    Thia  Uner 

r  many  advaa- 

use*  which  will  be  apptecuued  b> 
■1  one  time. 

Ihow  who  do  n«  care  id  .uhacibe  f 

.  the«tire«rt 

Thii  Amtiimn  edition  of  Noth 

nageVi  Kncyclopedia  will,  without  q 

enion.Km  tha 

erealeal  Syitem  of  Medicine  ev 

et  produced,  and  the  publUhen  fee 

eonfidoDItbat  h 

I 
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